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THE NODULES OF EXPERIMENTAL TUBERCULOSIS IN 
THE GUINEA PIG AND THEIR RELATIONS 
TO IMMUNITY! 


HENRY SEWALL, EUGENE DE SAVITSCH anp CHARLES BUTLER 


1. THE LOCAL EFFECTS OF SUBCUTANEOUS INFECTION WITH TUBERCLE 
BACILLI 


If an evenly distributed suspension of virulent tubercle bacilli in 1 cc. 
of physiological salt solution be injected under the skin of the lower 
abdomen of a guinea pig, the only immediate result is the formation of a 
tense bulla, usually with an oblong base measuring, say, 8 X 25 mm. 
If the weight of bacilli injected is 0.1 mgm. or less, the fluid is quickly 
absorbed and the next day no trace of the injection remains, except, 
possibly, a slight puffiness of the skin. 

But if the site of the injection be carefully palpated daily, then even- 
tually, as described by Robert Koch its discoverer, “first in the course of 
10 to 14 days there is formed ‘ein hartes knétchen’ [a hard nodule], which 
soon breaks open and until the death of the animal forms an ulcerating 
place (19). This is the “primary nodule” of tuberculous infection, a 
subject of the present essay. 

This formation seems to have been strangely ignored by subsequent 
investigators. Thus, nearly twenty years later, Hamburger (13), and 
Griiner and Hamburger (12), undertaking the study of the earliest local 
changes following subcutaneous inoculation with tubercle bacilli, insist 
on the frequent ‘“‘day by day” examinations of the injected regions; 
nevertheless, while repeatedly emphasizing the development of the 
“primary effect” of inoculation, nowhere do they appear to mention 
anything resembling Koch’s primary nodule. Their Primdraffekt seems 
to be confined to local swelling and redness and the associated enlarge- 
ment of the regional lymph nodes. Even in a careful cytological study 
of local changes following subcutaneous inoculation, Helmholz and 
Toyofuku, while noting the gradual perfection in definition of the cellular 
accumulation, avoid noting it as a specific entity except by inference (16). 


1 From the Research Department, National Jewish Hospital, Denver, Colorado. . 
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It seems to be generally assumed that the “nodule” as first detected 
represents an experimental “tubercle” essentially identical with that 
which gives name to the disease we know as tuberculosis. Nevertheless, 
the subcutaneous tubercle of experiment is unique in that itis foredoomed 
to destruction through suppuration. 

We have been intrigued to inquire for ourselves the nature of this 
structure and have made many sections of primary nodules from the age 
of two days until their softening. This biological study is mentioned 
here only for the sake of emphasizing our belief that the subject deserves 
more intensive and comparative investigation than has yet been given it. 
The identities of the cellular elements whose accumulation locates the 
nodule, the quantitative variation of its specific components with lapse 
of time, the infiltration of the muscular bed on which it may be seated, 
the gradual development of an enclosing capsule all seem to deserve 
renewed investigation. 

These earlier forms of the nodule present nothing of the structure of 
a typical tubercle, yet, as will be seen in a later section, the wall of the 
abscess ultimately presents a multitude of microscopic tubercles lying 
in a matrix of fibres and fibroblasts. 

Nothing would seem to be simpler than the technique of hypodermatic 
infection; yet accumulated experience indicates that some delicacy is 
necessary to avoid complicating tissue injuries. The choice of site for 
local study should be determined by the object in view. For our own 
purpose probably no part of the body could compare with the lower 
abdominal wall. Here the skin is thin and is depilated with ease. The 
mobility of the skin permits of very exact determination of the location 
of a new formation, as to whether it is in the skin, fixed to its inside or 
fixed to the tissue below, the skin sliding freely over it. All our injections 
were made in a depilated area, about 2 or 3 cm. square, on either side 
of the middle line and just above the pelvis. After swabbing the bared 
skin with cotton wet with alcohol containing about 10 per cent ether the 
injection is made through a fine needle which is inserted on the lower 
inner margin of the depilated area, and the needle is pointed up and out 
until its point lies under the middle of the bared skin. The skin is 
lifted between thumb and finger, that the needle may be safely inserted 
under it, but too tight a pinch is probably injurious, as also, doubtless, is 
waving of the needle point through the subcutaneous tissues. 

These matters are mentioned because of a strong suspicion that very 
slight tissue injuries precipitate and multiply the nodule-formations. 
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For some time our inoculations were occasionally followed by temporary 
scab-forming spots of superficial necrosis in the depilated skin. This 
trouble did not supervene if an interval of one day was allowed to elapse 
between pulling the hair and injecting the bacilli; probably because 
this gave time for healing of the slight lesions caused by depilation before 
local infection. 

There seems to be a special point of predilection for the development 
of the nodule; this about corresponds to the position occupied by the 
tip of the injecting needle or just beyond it. Here the tissue strain due 
to the fluid injected is probably greatest. A second point of predilection 
is under the spot where the needle pierced the skin. Here local trauma 
doubtless determines the site of the nodule formation. It will be noted 
that we are assuming that the topographical distribution of tissue pro- 
liferation is determined by injuries too slight to be perceived, and healed 
days before we can detect any sign of local disturbance. Mere observa- 
tion shows that the metabolic battlefield is laid down by the track of the 
inoculating needle. Long months after a primary infection, when an 
ill-healed slit of ulcerating nodules stretches 2 to 4 cm. across the field 
of operation, on turning back the skin it is seen that the many tubercles 
and the inflammatory tissue tend to lie in an oblong area whose axis is 
the needle-track. Especially in our earlier experiments, it was common 
to find two or even three nodules developing simultaneously. In such 
cases, apparently, the formations tended to occupy both points of predi- 
lection mentioned. We frequently had occasion to speak of ‘“‘pseudo- 
nodules,”’ which would attain a diameter of 1 or 2 mm. and disappear 
after 2 to 4 days. 

Experimental evidence is not lacking for the point of view that mechan- 
ical irritation is a potent factor in determining the site and speed of 
nodule-formation. Thus, it was sought to trace the cytological changes 
in developing tubercles, without injury to the animal, by aspirating 
through a fine needle the oedematous swelling at the site of inoculation. 

Punctures were made daily from several directions, beginning one day 
after infection. The “taps” were always dry for the reason, to be illus- 
trated later, that the “oedema-water” was not free. An unexpected 
development, however, was the formation of several tubercle-like nodules 
occurring only a day or two after beginning the punctures. 

In another series of experiments it was sought to excise, under ether 
anaesthesia, the primary nodules of infection within a few days of their 
appearance, and resealing the skin and repeating the process as neces- 
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sary. The investigation was abandoned when it was found that, for 
every nodule excised, two or more new ones developed and this within a 
day or two of the operation. In both these examples we find evidence, 
not only of the mechanical stimulation of tubercle-formation from latent 
foci of infection but of an acceleration of vital response which is a prime 
feature of allergic reaction. 

Certain impressions, difficult to substantiate, grew in strength as the 
work proceeded. One was the interdependence of all parts of the field 
of biological conflict, a harmonization of activity and inhibition every- 
where; a nodule that got the start was yielded place by all other potential 
contestants. -This coérdination was limited to the formative period of 
structural proliferation. In the stage of suppurative decadence a truly 
communistic principle seemed to prevail, and numerous tubercles studded 
the field. Certain general rules regulate the history of a nodule. The 
infecting bacilli may become implanted on or in the muscular wall of 
the abdomen; in this case the developing nodule remains free from the 
skin which slides easily over it. After its inevitable suppuration such a 
nodule never ulcerates through its dome. After a longer or shorter time 
a pouting of the vascular base of the attached nodule occurs, often from 
two opposite points on its periphery. These cellular projections may 
extend several millimetres from the nodule, with a diameter of 3 to 4 mm. 
This extension commonly forms an attachment to the skin, the structure 
ulcerates, and the pus of the abscess escapes upon the surface. 

It often occurs that this short limb does not make outside connections 
for efficient drainage of the suppurating nodule. Then it is common to 
find a viaduct of inflammatory tissue, 1, 2 or 3 cm. in length and 3 or 4 
mm. thick, reaching from the base of the subcutaneous nodule to what 
appears to be the faraway point of needle-puncture where a subsidiary 
nodule has formed at the place of lowered resistance. Early in our ob- 
servations we believed that open drainage-channels, laid down in this 
way, served as safety-valves to relieve the abscess. But definite in- 
vestigations showed that the conducting strands referred to are not 
hollow when laid down, though a probe may pass through them later. 
The richness of the vascular supply in such a strand of tissue is evidence 
of its vital metabolism. Much of this is pictured from an actual speci- 
men in figure 1. 

These curious events become clear when the skin is reflected and the 
nodule examined in situ. It will be found grown to the muscular wall, 
or to the skin itself as in figure 1, underlaid and surrounded by a network 
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of dilated blood-vessels. Here resides the vital force, absent from the 
dome of the abscess, to stimulate the tissue cells to join together and 
preserve a path leading to contact-union with and penetration of the 
skin. 

In those cases in which the dome of the nodule forms organic connec- 
tion with the skin the point of predilection for the eventual ulceration is 
in this area of contact. 

We have been impressed with evidence that the earlier and more 
complete the emptying of the nodular abscess the less extensive is the 
destructive involvement of the skin. In old cases it is habitual to find a 
ridge formed by underlying nodules, with tiny perforations giving evi- 
dence of old ulcerations, most apt to occur at the terminal nodules of 
the chain. When the skin is extensively necrotic, pulling the hair is 
apt to open old scars and produce instantly yawning, bloody ulcers. 

But the statement, universally made, that the ulcer resulting from 
primary infection is permanent, lasting until death, is certainly wrong. 
We have seen numerous instances of tissue-healing sound enough to 
withstand severe tests. 

Choice of the lower abdominal wall as the site for our injections makes 
necessary brief mention of some of the structures there found. 

When the skin is reflected from the body of a guinea pig, starting from 
a median longitudinal incision, it is found that a uniformly thin muscular 
coat is attached nearly throughout to the under surface of the skin. In 
spite of care, here and there patches of this muscle are cut off by the 
scalpel and stay in connection with the skin, leaving a deficiency in the 
coat covering the muscles of the body wall, as shown in figure 3. 

Alezais gives a. useful description (1) of the wide distribution of this 
skin muscle, which is known as the panniculus carnosus. Over the 
thorax its fibres are inclined from the side, downward and inward; on 
the abdomen the direction of the fibres is nearly at a right angle to the 
former. The sheet of muscular panniculus, spreading from the hip and 
pelvis over the lower abdomen on each side, reaches the linea alba some 
4 to 5 cm. above the pelvis. This leaves a triangular space on the lower 
inner corner of the abdominal wall on each side uncovered by the 
panniculus. A probe can be passed between the panniculus and the 
trunk muscles nearly throughout the length of the torso. When one 
considers Gaskell’s fruitful microscopic studies on the mylohyoid of the 
frog (11), it is strange that this great mass of translucent muscle appears 
not to have found experimental uses. There are two reasons for this 
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anatomical description: (1) the inoculating needle usually discharges 
its contents over the lower border of the panniculus even if, as appears 
often to happen, the point of the needle does not enter the muscle itself; 
and (2) the regional lymph nodes, in this case the chain of inguinal lymph 
nodes, must be held constantly in consideration as features of these ob- 
servations. The studies of Krause on lymphatic infection in the guinea 
pig are of great importance here (20). In well-nourished animals a some- 
what triangular blanket of fat of considerable thickness covers the 
inguinal lymph nodes and obscures them from view. This fat blanket is 
itself covered by the here very thin panniculus carnosus. If the adi- 
pose layer be reflected like the skin the lymph nodes may be traced, 
buried just under the transparent limiting membrane of the fat, which 
lies in direct contact with the muscles of the abdominal wall. 

The situation of the chain of nodes can often be made out by following 
the more or less turgid inguinal vein from its point of emergence from 
the abdominal wall. It is the distal node of the lymphatic chain which 
has paramount importance as, apparently, occupying the “fighting line” 
of the infections to be described. It is the distal node of the chain that 
has led the way or stood alone as the site of abscess-formation. This 
may be due to the topographical accident by which the terminal node 
is usually nearest the mass of injected bacilli. But we cannot exclude a 
deeper meaning; for we have noted that when, after unilateral infection, 
the inguinal nodes of the contralateral side become involved, it is the 
distal node of the contralateral chain that first, or alone, is involved in 
suppuration. It would be futile, of course, to attempt an explanation of 
such facts in our virtual ignorance of lymph-circulation. 

The observer wonders what may be the truth of Weleminsky’s asser- 
tions that regional lymph nodes never receive infection from their 
neighboring organs, as the hepatic nodes from the liver, the tracheo- 
bronchials from the lungs; that the lymph nodes are always progressively 
infected one from the other and are never subject to reinfection (34). 
The student is curious as to the chemical and phagocytic powers of the 
nodes, and whether Bartel’s conceptions of the protective and immuniz- 
ing properties of the lymph nodes have been critically examined (4) (5). 
Our contemporary student has been drilled in the conception that tu- 
berculosis is a “lymphatic disease,’ yet in the experimental animal he 
finds signs of inflammation wherever there is a focus of bacilli. 

When the subcutaneous surfaces are bared postmortem, by reflecting 
the skin of the healthy guinea pig, the blood-vessels seen are few in 
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number and there are no special Joci of congestion. But within a few 
days of the subcutaneous injection of virulent tubercle bacilli little specks 
of red may be found which mark the sites of beginning tubercles; and, 
when these formations are in active development, their contact with 
fixed tissues (as the muscular wall of the abdomen) is marked by inflam- 
matory engorgement where no blood-vessels were seen before. It seems 
as if blood and blood-vessels were developing de novo as in the blastoderm 
of a chick. But Krogh and others have shown how commonly rich 
plexuses of blood vessels fail of detection when not engaged in active 
circulation (23). 

Figure 1 is from a photograph which illustrates very incompletely some 
of the points mentioned. The young male guinea pig had received a 
subcutaneous inoculation of 0.01 mgm. virulent tubercle bacilli in the 
left lower abdomen, had developed a primary nodule 8 days later, and 
had been chloroformed when the nodule was 7 days old. The figure 
shows the flap or skin reflected from the lower abdominal wall; a con- 
siderable strip of the muscular panniculus is seen adherent to the skin. 
The numbers designate the chief points of interest in the picture: / 
points to the centre of the primary nodule; 2 embraces nearly the full 
length of the swollen distal lymph node of the inguinal chain; 3 points 
to the great inguinal vein, which makes contact with and drains each 
member of the chain; the various digits 4 point to the numerous tribu- 
taries of the inguinal vein showing that an areola of engorged veins 
surrounds and empties into the main trunk. The injecting needle had 
probably scratched the under surface of the skin; at all events, the pri- 
mary nodule, /, was firmly attached to the skin and was the source of its 
inflammation. The nodule was not quite as large as might be supposed 
from the picture. A thin dark streak on the under and inner margins 
of the nodule represents part of a circumscribing vein; tiny veinlets from 
the superior face of the nodule combine in a vessel which joins the in- 
guinal vein. In short, the irritation of the injection has produced 
inflammatory reaction throughout a wide area of the panniculus carnosus 
and of its adjacent skin. Not a sign of such vascularity would have 
been visible in the normal animal. The drainage throughout this region 
as represented in the picture is all into the inguinal vein; the dark areas 
on the distal lymph node itself 2, are due to vascular congestion. The 
photograph fails to show quite another drainage outlet for the infected 
area, which was well-marked, at least, in animals subjected to reinfection. 
This consists of fine veins which arise in this region, some.of them 
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from the surface of the primary nodule itself, and are assembled into 
slender trunks, that pass in the panniculus muscle in an anterior and 
median direction and enter a prominent vein which runs in the 
abdominal wall parallel to and about 1 cm. from the linea alba on either 
side (figure 4). A rough dissection has traced this vein to the angle 
between the sternal attachment of the lower ribs and the xiphoid appen- 
dix; here it dips inward, on each side, and, attached to the under surface 


Fic. 1. and tracing Fic. la. Young male guinea pig, 23 days after subcutaneous infection 
with 0.01 mgm. virulent tubercle bacilli in the left groin. The resulting primary nodule is 
welded to and has ulcerated through the skin. J points to centre of the primary nodule; 2 
embraces the distal lymph node; 3 marks the main inguinal vein, and the various numerals, 
4, mark its tributaries, some of which are distributed to the primary nodule. The numerals, 
5, point to dilated veins or blood sinuses. The numerals, 6, embrace the imperforate 
channel of inflammatory tissue marking the track of the infecting needle, and connecting 
primary nodule with point of puncture; this strand of tissue is vascular. 7 points to two 
much enlarged iliac nodes on the left side. 


of the sternum, ascends throughout its length as far as the attachment 
of the sternal lymph nodes at the very summit of that structure. A 
curious feature of the vascular complex in the infected (and the rein- 
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fected) animal is the frequent occurrence of what might be called varicosi- 
ties in the smaller vessels, which finally enter both the axillary and the 
substernal vein described. These tufts, about 1 mm. in diameter, when 
stripped out and examined under a low power, appear to be made up of 
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bundles of capillaries in which the contained blood moves freely. Such 
tufts must not be confused with the small blobs of blood which often 
exude from the cut-ends of veinules. At times one finds a tiny vein 
apparently taking its origin from a circular capillary network, 3 to 5 mm. 


it 
1 
PAK. 
4 r4 
, 
r 
a 
is A 
i sme ry ee 
| 
\ § oo” 
4 
oan 
a 
4 


10 SEWALL, DE SAVITSCH AND BUTLER 


in diameter and suggestive of a magnified malpighian glomerulus. Also, 
somewhat in proportion to the intensity of intoxication, especially after 
reinfection, there occur more or less extensive ecchymoses both in the 
muscle coats and in the skin itself. We have wondered whether these 
formations are not due to infarction from bacterial emboli. 

We can only conclude that all this vascularity has the function of 
draining the primary nodule and the whole region of infection directly 
by blood-vessels which reach the general circulation from several direc- 
tions. To return to our picture (figure 1): the numerals, 5, point to 
dark areas which are engorged veins or venous sinuses. The numerals, 
6, are intended to embrace from above and below a peculiar extension 
from the primary nodule continued in a strand of inflammatory tissue 
toward the reader’s left to the site of the infecting needle-puncture. 
This strand of inflammatory tissue had been felt under the skin of the 
still living animal as a ridge, 3 to 4 mm. thick, reaching from the border 
of the primary nodule 2 cm. to the point of the needle-puncture. It 
undoubtedly represents the track of the fine inoculating needle and its 
rich blood-supply bespeaks active tissue reaction. A probe inserted 
into the primary nodule through its ulcer in the skin finds an open path 
only for a couple of millimetres into the inflammatory tract. Our ob- 
servations make it probable that in time such strands of reaction tissue 
become tunneled when pus is to be conducted. 

No visible paths are necessary for the migration of bacilli from the 
site of inoculation. A suppurating nodule may be isolated from the 
distal lymph node of the inguinal chain for a distance of 2 or 3 cm. and 
by an intervening thick pad of fat and yet the lymph node become mani- 
festly infected with tuberculosis. 

The lymph nodes of the left inguinal chain in figure 1 were enlarged 
but pink, only the distal one being greatly inflamed. The iliac lymph 
nodes on the right side were very small, but on the left side greatly en- 
larged; in the picture two members of the chain are indicated by the 
numeral 7. The tracheobronchial nodes were slightly enlarged, especially 
on the left, and soft. The spleen and other viscera showed no macro- 
scopic lesions. 

Certain important deductions have been uniformly supported by 
observation of the 350 guinea pigs devoted to this investigation as well as 
by many hundreds employed in other experiments: 


1: The primary nodule of infection always suppurates within a few days, say, 
5 to 15 days, of its formation following a subcutaneous dosage of 0.001 mgm. 
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or more of a pure culture of virulent tubercle bacilli. With doses of 0.000,005 
to 0.000,001 mgm. the same phenomenon occurs, but whether invariably and 
after what latent period we are not prepared to say. 

2: The direction of suppuration, under the conditions of our experiments, is 
ultimately always toward the free surface of the body. We have never seen 
macroscopic evidence of subcutaneous ulceration that would permit the escape 
of free pus beneath the skin in the series of primary effects. 

3: Necrosis of skin sufficient to occasion ulceration may exceptionally be so 
resolved that the ulcer finally heals. Abscesses following small doses of bacilli 
may endure many months without ulceration, but careful exploration reveals 
biological efforts toward this result. 

4; Three ways may be distinguished for the natural disposal of tubercle bacilli 
following their primary subcutaneous inoculation: 

a: The infecting organisms are, in unknown proportion, gathered in the 
primary nodule which suppurates, ulcerates and empties upon a free surface. 
Secondary tubercles may indefinitely continue this process of house-cleaning. 

b: However efficient may be the process noted, it is probable that the regional 
lymph nodes near the site of inoculation are invariably infected, and this in a 
definite order of progression that is probably determined by contiguity. 

c: Though it is possible that infecting bacilli taken up by the lymphatic 
system may be indefinitely restrained from entering the general blood-circu- 
lation, the inflammatory excitement at and about the focus of infection and 
the intimate contact of blood-vessels with the primary nodule inevitably 
suggest that bacilli, or at least their products, are directly taken up by the 
blood-vessels. 


The typical primary nodule of infection is a well-defined hard, round 
or ovoid mass, first felt like a small pinhead beneath the skin. But not 
infrequently careful palpation detects a subcutaneous new-formation 
which is not typically nodular but gives the impression of a thread or a 
coil of threads. We have been led to suspect that such formations are 
evidences of inflammatory cellular reaction and proliferation. After 
some vacillation of opinion we determined to date the birth of the nodule 
from the advent of such a prenodular accumulation, provided the indis- 
putable nodule developed within a day or two at the identical site. Such 
a question acquires importance when the incubation period of nodule- 
formation is an issue, as we shall later find may be the case. Daily 
palpation of the growing nodule early detects its softening. When it 
has attained somewhat the size of a coffee-bean, even very gentle rubbing 
may give to the finger an impression of shrinkage, as if fluid had escaped 
from the nodule, leaving a solid irregular kernel during the period of 
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pressure. Such a method of examination is incapable of distinguishing 
between the fluid of oedema and that of suppuration. 

Later on we shall have much to do with oedema of the tissues, which 
is probably a constant concomitant of inoculation with viable tubercle 
bacilli and in quantitative proportion to it. On one occasion it was 
sought to determine the channels for the escape of pus from a suppurating 
primary nodule. Water was injected into the nodule through a needle. 
The nodule swelled to many times its original size, but there was no out- 
flow from it. When sectioned by a knife it retained its form like well- 
set jelly. No guarantee can be given that the fluid was injected into the 
cavity of the abscess rather than into its wall. We suspect that the 
subcutaneous deposits felt at the site of infection antedating the appear- 
ance of the primary nodule represent tissue elements swollen with 
“fixed” water. 


2. IMMUNOLOGICAL ACTIVITIES WITHIN THE INCUBATION PERIOD OF THE 
PRIMARY NODULE 


How comes it that, though billions of virulent tubercle bacilli be 
equally distributed through one cubic centimetre of salt solution, the 
subcutaneous injection of this amount gives rise sensibly to but a single 
tubercle of reaction? We have heard a great deal about the activities 
of primary infection but very little of its inhibitions. 

The chief beacon in the path of experimental infection is ‘“Koch’s 
phenomenon,” which is like the news of a battle past. It would seem 
important to trace the beginnings of the struggle between germ and tis- 
sue. Whatever may be the meaning of the tubercle known as the ‘“‘pri- 
mary nodule,”’ from the point of view of the welfare of either contestant, 
we can hardly doubt that the length of its period of incubation is of 
prime immunological significance. We set for ourselves the task of 
observing the results of interference in the immunological conflict at 
periods antedating the formation of the primary nodule of infection. 
The length of the period of incubation of this nodule was to be our 
yardstick to measure the acuteness of vital reactions. No consensus of 
opinion regarding this unit of measure can be found among authorities. 
We therefore carefully examined the records of about 140 young guinea 
pigs regarding the time required to develop the characteristic nodule at 
the site of primary infection according to the number of bacilli injected. 
Our infecting suspensions were, like those hitherto described, prepared 
from a virulent strain isolated by Dr. Corper some years ago from human 
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sputum. About eight years ago cultures from this strain seemed to be 
constantly infective for guinea pigs in estimated doses of one-billionth 
milligram. The same strain is now tested for virulence several times a 
year and is found to be uniformly infective for guinea pigs in doses of 
one-millionth milligram (0.000,001 mgm.) We characterize this strain, 
using the initial of its donor, as Tbc. G. Our cultures are used after 
growth for about six weeks on Petroff media or on glycerin-agar. 

Throughout our work each bacillary dose was suspended in 0.5 to 1.0 
cc. salt solution, usually 0.9 per cent. 

It was found that with each dosage the incubation periods covered a 
rather wide range, but it is plain that a ruling factor consisted in the 
number of bacilli injected. Among guinea pigs receiving 0.01 mgm., 
though the minimal period was 6 days or less, 76 per cent of 51 animals 
developed their nodule on the 9th and 11th days; with a dose of 0.001 
mgm. 90 per cent of 48 guinea pigs first showed nodules on the 11th, 
13th and 18th day; of 4 guinea pigs receiving a dose of 0.000,005 mgm.., 
nodules did not appear until the 18th to 23rd day. After these data 
had been collected it was found that Griiner and Hamburger (12), in 
1910, had attacked the same problem and reached the same conclusions. 
Their figures, however, represent averages and do not indicate the fluc- 
tuations found by the practical worker. 


3. THE INFLUENCE OF BACILLARY DOSAGE UPON THE PHENOMENA OF 
INFECTION 


When a young guinea pig is infected subcutaneously with 0.000,005 
mgm. of a pure culture of virulent tubercle bacilli Tbc. G., the appearance 
of the resulting primary nodule is delayed for a period of 20 to 25 days. 
After this the nodule suppurates as usual and, under favorable conditions, 
ulcerates and discharges upon the surface. The favorable conditions 
referred to are those which determine intimate contact with the skin of a 
sufficient number of bacilli to cause its necrosis, following which ulcera- 
tion is largely a mechanical accident; when not spontaneous it is prone 
to attend immediately the strain of depilation. We have had under 
observation one, almost unique, case of a young male guinea pig which 
had been infected with 0.000,005 mgm. A subcutaneous nodule about 
5 mm. diameter was found at the site of infection after 26 days. This 
soon softened, but 159 days after infection it still had not ulcerated and 
the contiguous skin appeared normal, though after death by electric 
shock considerable ecchymosis appeared in an adjoining area. on the 
same side. 
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The inguinal lymph nodes on the infected (left) side had attained a 
nearly maximal size, while those on the right remained barely palpable; 
this considerable localized adenopathy of the regional lymph nodes, with 
relative escape of the contralateral nodes, seems to be a constant effect of 
minimal dosage; with doses of 0.001 mgm. or more of bacilli the lymph- 
node swelling is more or less bilateral. 

The skin could be moved freely over the well-defined abscess whose 
diameter was about 6 mm., while loosely attached to the skin, about 2. 
cm. distant, was a small hard nodule. The latter doubtless represented 
the point of puncture of the infecting needle while the primary nodule 
and abscess marked its site of discharge. 

Autopsy revealed the remains of the primary nodule as a closed, 
rather thick-walled abscess close to the Jinea alba, and firmly attached 
to the muscular panniculus and unattached to the skin. On the lower 
rim of the abscess were two small, hard, pinhead tubercles, and from 
them extended a strand of inflammatory tissue reaching to the hard 
nodule described as marking the point of needle-puncture. Here the 
inflammatory tissue was more abundant and included 2 or 3 hard nodules, 
similar to those on the rim of the abscess, and loosely attached to the 
skin. 

The interpretation of this picture seems obvious. A small number 
of infecting bacilli is injected, probably directly into the sheet of muscular 
panniculus. ‘The irritation is slight, and reaction is slow in producing 
the customary nodule, which doubtless includes a large proportion of the 
invading bacilli. The uninjured skin rides above the eventual abscess, 
whose toxicity is not sufficient to infect it by contiguity. But, as is 
usually if not constantly the case, the urge for an outlet for the pus is 
met at that part of the thickened rim of the abscess nearest the track 
taken by the infecting needle many days before; new companion tuber- 
cles are formed, supplied with building material and energy by the 
richly vascular foundation of the primary nodule. It is through such 
proliferation of new-formed tubercles making their way, apparently 
commonly along the track of the inoculating needle, to a point of attach- 
ment in the skin by which the freely subcutaneous nodular abscess finds a 
channel of exit and gives opportunity for local healing. But all such 
work of construction demands the output of energy by the tissues, which, 
in turn, will only react under irritation exceeding a certain threshhold. 
In the case under discussion the toxic dose is neither sufficient to cause 
necrosis of the skin nor to stimulate tissue-proliferation to make union 
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with the usual portal of exit. One would expect that here, if ever, free 
escape of pus would occur in the subcutaneous space. But what we find 
is an inconspicuous, if any, vascular involvement around the site of 
infection; the real activity is taken over by the greatly enlarged lymph 
nodes of the inguinal chain. In the animal under discussion the swollen 
lymph nodes were hard and opaque and very vascular. The adenopathy 
waned above the chain of iliac nodes on the left side. The spleen was 
enlarged and heavily infected, the liver very slightly so, and the lungs 
showed perhaps a dozen discrete tubercles. Through the kindness of - 
Dr. H. E. Robertson we have excellent microscopic sections of some of 
these structures, prepared in his laboratory at the Mayo Clinic. The 
wall of the abscess representing the primary nodule is made up of a horde 


TABLE 1 


Experiment XLVII: effect of bacillary dosage on the latent period of the primary 
nodule in days 


DOSE OF TBC.G. 
IN MGM. 1 2 3 4 5 6 


10. +? 
10.0 
10.0 


of typical tubercles buried in a matrix of fibres and fibroblasts. Nothing 
like this is seen in the young nodule, at least during the early stages of 
its softening. 

In this connection it is pertinent to our subsequent discussion to rep- 
resent the influence on the local signs of infection and on the incubation 
period of the primary nodule of much larger doses of bacilli than those 
already recorded. 

In table 1 the abbreviation Tbc. G. denotes, as already stated, our 
virulent culture. Twelve young guinea pigs were infected subcuta- 
neously in groups of three with bacilli in doses of 0.01, 0.1, 1.0 and 10 
mgm., respectively. The first three, each infected with 0.01 mgm. bacilli, 
were omitted from the table. There was relatively slight difference 
between the violence of reactions caused by dosages of 0.01 and 0.1 
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mgm., or between reactions to doses of 1.0 and 10 mgm.; but there was 
very marked difference between reactions to doses of 0.1 and 1.0 mgm. 

In this series of experiments two phenomena, hitherto insignificant, 
began to dominate the picture; these were local swelling and color. 
Oedema is rarely conspicuous at the site of inoculation with bacillary 
dosages of 0.01 mgm. or less; at most it is manifested as a slight soft 
puffiness of the skin. Somewhat parallel with oedema is the development 
of a pinkish or slightly red tint of the regional skin. The color of the 
palm of the human hand may rather exactly imitate the tints acquired 
by the inflamed (blond) skin of the guinea pig inoculated with 1.0 mgm. 
or more of virulent tubercle bacilli. 

The third of the classical symptoms of inflammation, pain, can easily 
be demonstrated by local manipulation wherever swelling and redness 
are prominent. The three animals infected with 0.1 mgm. bacilli gave 
insignificant local reactions, and developed their nodules, indicated by +, 
two on the fourth and one on the sixth day. 

But in the remainder of the series, within the first day a hard swelling 
involved a considerable area around the site of inoculation, such as was 
described by Koch as the result of reznoculation. Within twenty-four 
hours after a dose of 1.0 mgm. there was obscure evidence of deposits in 
the tumefied area, but not until the end of the second day could the defi- 
nite primary nodules be identified which later suppurated; a question 
mark is used to indicate this uncertainty. 

Though doubt attended the nature of the accumulations at the site 
of infection palpated one day after dosage of 10 mgm., on the second 
day fairly well defined nodules were felt which followed the typical 
course. 

We can now better appreciate the conceptions advanced in a preceding 
section that oedema may represent accumulated fluid physically fixed 
in the tissues, and probably capable, in minor degrees, of representing 
minute subcutaneous deposits, or, in more extreme cases, endowing the 
soft tissues with a board-like hardness. As will be pointed out later, 
this water-fixation is probably due to chemical irritation and is not spe- 
cific for tubercle bacilli. It has been reported that early tissue changes 
induced, respectively, by living and dead tubercle bacilli are indis- 
tinguishable (16). 

It is expedient to anticipate our discussion of the physical changes due 
to reinfection by noting that it would be difficult to distinguish for a day 
or two between a guinea pig which had received a primary infection with 
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10 mgm. of tubercle bacilli and one which being already tuberculous, had 
received a second, moderate dose sufficiently delayed after the first to 
elicit the “phenomenon of Koch.” The same inflammatory reactions 
characterize the vicinity of inoculation in each; the tissues are swollen 
and hard and the blond skin turns pink. As, in the allergic guinea pig 
reinoculation with a relatively small dose of bacilli is followed by the 
characteristic response within a day or two, so in the normal guinea pig 
primary infection with a sufficiently large dose shortens the incubation 
period of the primary nodule to a day or two. It is desired at present 
only to suggest the fundamental importance of quantity in dosage. 

The “immediate response” of normal guinea pigs to infection with 
large doses (10 mgm.) of tubercle bacilli has already been reported by 
others (14). 

It would be a mistake to assume that the violent, nearly immediate, 
reaction of the normal guinea pig to the subcutaneous injection of large 
doses of tubercle bacilli is specific for tuberculosis. It more probably 
represents mere reaction to a chemical irritant, which, however, appar- 
ently leads to speedier and modified immunological effects. When a 
weight of 100 mgm. of the nonpathogenic smegma bacilli is injected sub- 
cutaneously into the normal guinea pig, the resulting inflammation, 
swelling, abscess-formation and ulceration are as immediate and violent 
as with large doses of tubercle bacilli, and the adenopathy of the re- 
gional lymph nodes is as marked. It seems worth considering whether 
the acceleration of reactions due to specific reinfection may not be based 
on nonspecific irritability. In fact, Griiner and Hamburger advanced 
the same idea (12), and recently Rich seems to consider the question as 
settled affirmatively (24). 


4, THE EFFECTS OF REINFECTION WITHIN THE INCUBATION PERIOD OF THE 
PRIMARY NODULE. EVIDENCE OF THE EARLY DEVELOPMENT 
OF ALLERGY 


Our theoretical premise led to the anticipation that if, indeed, a nodule 
was produced as the effect of reinfection its period of incubation would be 
prolonged as compared with that of infection in control animals. The 
results were uniformly and decidedly just the opposite. Following are 
the outlines of several experiments on this subject: 


Experiment XXXII: (Table 2): Sixteen young guinea pigs were infected 
under the skin of the /eft lower abdomen, each with 0.01 mgm. virulent tubercle 
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bacilli (August 2, 1930). The experiment was divided into two parts, employ- 
ing 8 guinea pigs each, 

Part 1: Four guinea pigs served as controls and four were reinfected on the 
right side (August 5, 1930). The average of the incubation periods of the 
primary nodules in the controls was 7.5 days. In the experimental group the 
average incubation period of nodules on the left side was 7.5 days; the average 
incubation period on the right, the side of reinfection, was 6 days. 

This experiment demonstrates that reinfection, or as Continental writers 
prefer to call it, superinfection, after three days induces independently the 
formation of a specific nodule of infection. The experiment seems to show 
that the nodule of reinfection on the right side has its latent period shortened 
by 1.5 days. This is a correct finding, but may be invalidated in view of 


TABLE 2 
Experiment XXXII: effect of reinfection upon the latent period of nodule-formation 


INFECTION INTERVAL REINFECTION CONTROLS 


Part 1 Average of 
Average of Left Right 4 guinea pigs 
4 guinea pigs 0.01 mgm. 3 days 0.01 mgm. 0.01 mgm. 


Latent Period 15 


Part 2 Average of 
Average of 4 guinea pigs 
4 guinea pigs 


Latent Period 


evidence, to be reported later, that there exists a functional difference on the 
two sides of the body whereby reactions are relatively accelerated on the right. 

Part 2: Four of the remaining eight guinea pigs were reinoculated on the 
right side with the same dose as before after an interval of 7 days (August 9, 
1930). 

The average incubation period of the 4 controls was 6 days. In the experi- 
mental group the average incubation period on the left (side of primary in- 
fection) was 7 days; while on the right side, that of reinfection, the incubation 
period fell to 2 days. 

This result illustrates strikingly the more or less obscure references in the 
literature to the acceleration of the reactions of reinfection in the “immune” 
animal. But it may be noted that our immune animal here could not have 
entered this state more than 7 days before, whereas orthodox teaching implies 
the necessity of a period of 30 to 40 days for development of such reaction. 
Part 2 of the experiment seems to show that, approaching the seventh day 
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after infection, there is a very rapid increase in immunological response to 
reinfection. The records of the four experimental animals show that by the 
7th day after their infection on the left side 2 of them had developed their pri- 
mary nodules and 2 had not. 


Table 3 summarizes the results of an experiment wholly similar to the 
foregoing except that the amount of the reinfecting dose was reduced to 
0.001 mgm. Of course, in this case the infecting dose for the controls 
was also reduced and, it is important to note, it was administered at the 
same time as the reinfection of the corresponding experimental guinea 
pigs and on the same (right) side. By this procedure the critical ob- 
jection to which the previous experiment was open fell away. The 
table shows that here the incubation period of the nodule of infection 


TABLE 3 
Experiment XXXIV: effect of reinfection upon the latent period of nodule-formation 


CONTROLS 


REINIECTION 


INFECTION INTERVAL 


Part 1 Average of 
Average of Left Right 4 guinea pigs 
4 guinea pigs 0.01 mgm. 0.001 mgm. 0.001 mgm. 


7.33 8.5 11:5 


Part 2 Average of 
Average of Left Right 4 guinea pigs 
4 guinea pigs 0.01 mgm. 0.001 mgm. 0.001 mgm. 


7.75 8.5 9.5 


Latent Period 


Latent Period 


is shorter than that of reinfection, doubtless because the dosages are as 
10 to 1; but still the incubation periods of the nodules of reinfection are 
8.5 days as compared with 11.5 and 9.5 days for the controls. 


Experiment XXXVITI: (table 4): Was divided into 4 parts, based on the 
intervals between infection and reinfection. The experiment was started with 
each part employing 7 guinea pigs, 4 experimental and 3 controls; but various 
mischances reduced the total number by five. The dose chosen for inoculation 
was 0.005 mgm. of the same virulent strain of tubercle bacilli used before. The 
first infecting injection was always subcutaneous in the /eft lower abdomen. 
The second infection (reinfection) was given on the right side, 1, 2, 3 or 4 days 
after the first. It is important to note that inoculation of the control guinea 
pigs was also on the right side, and that the controls for each part of the ex- 
periment were inoculated at the same time as the experimental guinea pigs of 
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that group were reinoculated on the right side. Therefore the results of 
reinjection are strictly comparable with those of injection in the controls. 

Inspection of table 4 shows that in part 1 the average incubation period of 
the primary nodule of the normal animal infected on the left side was 8.3 days, 
while, with the same dose, reinfection on the right side after 24 hours gave a 
latent period of 7.7 days and infection of the normal control gave a latent 
period of 8 days. 


TABLE 4 
Experiment XXXVII: effect of reinfection upon the latent period of nodule-formation 


INFECTION INTERVAL REINFECTION CONTROLS 


Part 1 
Average of Left Right 1 guinea pig 
3 guinea pigs 0.005 mgm. 0.005 mgm. 0.005 mgm. 


Latent Period 8.3 fel) 8 


Pari 2 Average of 
Average of Right 3 guinea pigs 
3 guinea pigs ; 0.005 mgm. 0.005 mgm. 


Latent Period 5.3 fi 


Part 3 
4 guinea pigs 0.005 mgm. 
3 guinea pigs 


Latent Period 8 


Part 4 
3 guinea pigs* 0.005 mgm. 
3 guinea pigs 


Latent Period 10 5 6 


* A fourth guinea pig showed no nodule of infection and the nodule of reinfection lasted 
butaday. It died 25 days after infection. 


Reinfection 2, 3 and 4 days after infection on the opposite side shows a nearly 
progressive shortening of the incubation period of the resulting nodule, as 
compared with controls treated under identical conditions. 


A total of 55 guinea pigs devoted to this phase of our work in these 
experiments agree in their evidence: 


When a guinea pig is infected by the subcutaneous injection of tubercle 
bacilli, reinfection upon the opposite side of the body within the following one 
to seven days produces a nodule of reinfection similar in all respects to the 
primary nodule of infection. 
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There is a shortening of the incubation period of the nodule of reinfection, as 
compared with that of normal control animals, even when reinfection follows 
infection by an interval of only one day. When the interval is increased to 
seven days the development of the nodule of reinfection is greatly hastened. 


Inspection of table 4 seems to indicate that, while the appearance of 
the nodule of reinfection is nearly progressively accelerated with increase 
in interval between the first and second injections, the incubation period 
of the nodule of infection undergoes a progressive retardation. ‘That is, 
infection apparently hastens the immunological changes of reinfection 
while the latter retards those of infection. ‘The former proposition agrees 
with accepted notions as to the acceleration of the phenomena of re- 
infection; but the latter proposition presents, as far as we know, a new 
conception in immunology and deserves a more searching investigation. 

The note appended to table 4 involves an interesting suggestion. On 
several occasions we have observed that guinea pigs, apparently normal 
at the time of their inoculation, showed subsequently that they must 
have been really ill at that time. Such guinea pigs have failed to de- 
velop a primary nodule of infection, though at least on one occasion 
reinfection caused a nodule of temporary duration. 


In any event, the evidence is that what we know as allergy, in its 
literal sense of changed reaction, has its inception with the first vital 
changes of infection, and is thereafter modified with reinfection. 

The obvious question arises: Through what means does the infective 
focus modify that of reinfection, or vice versa? 


5. CONCERNING THE VEHICLE OF COMMUNICATION BETWEEN THE SITES OF 
INFECTION AND REINFECTION. MIGRATION OF TUBERCLE 
BACILLI. THE ROLE OF TUBERCULIN 


Reliable authorities agree on such rapid migration of tubercle bacilli 
from the site of their implantation that their presence may be detected 
throughout the body four days or less after infection. 

In an admirable contribution on the lymphatic system and the dis- 
semination of inoculated tubercle bacilli in the animal, Krause concludes 
that following heavy subcutaneous infection the presence of bacilli may 
be demonstrated throughout the body within four days (20). His 
method consisted in the inoculation of normal guinea pigs with suspen- 
sions of various triturated organs excised at stated periods from the 
originally infected animal. Numerous observers have attacked the 
same problem by different methods and with fairly harmonious results. 
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Willis has ingeniously studied the rate of migration of tubercle bacilli 
injected intracutaneously in guinea pigs (35): the infected area being 
enucleated at various periods, the animals were subsequently observed 
for the development of tuberculosis. He concluded that migration of 
bacilli from the site of inoculation is often accomplished within the first 
hour after their introduction, and some bacilli have always migrated 
from the area by three hours after inoculation. 

These experiments are reminiscent of the pioneer work of Jeannel, 
who in 1888 gave an account of inoculating rabbits by the ear tip; when 
the ear was amputated at the end of 24 hours the animal nevertheless suc- 
cumbed to general tuberculosis; the same thing could happen if the ampu- 
tation was performed ten to twenty minutes after infection, but not with- 
in five minutes (17). 

We can therefore conclude that viable tubercle bacilli in appreciable 
numbers have migrated from the site of infection and reached the oppo- 
site side well within the incubation period of the primary nodule. 

It is expedient here to anticipate discussion of the phenomena of rein- 
fection as far as concerns the rate of migration of tubercle bacilli from 
the site of their implantation through reinfection. ‘The dissemination of 
tubercle bacilli inoculated into the zmmune animal is notably retarded. 
According to Krause, “In the immune (guinea pig) the germs reach 
given internal parts of the body several days to two weeks later than 
in the nonimmunes, and for a month, at least, after infection there are 
always fewer virulent bacilli at any place in the immune” (21). Never- 
theless, all these animals, if unmolested, eventually die of tuberculosis. 

Willis, continuing his studies by intracutaneous inoculation concludes, 
“In the normal animal transit from the site of inoculation in the skin 
to the axillary or inguinal lymph nodes, 4 or 5 cm. distant, requires 24 
hours or less. In the immune animal such transit is accomplished in a 
little less than three weeks; longer than two weeks is always required” 
(36). 

We are probably justified in assuming that the formation of tuberculin 
accompanies the advent of bacillary metabolism and proceeds in some 
quantitative relation toit. In view of the extraordinary specific irritabil- 
ity of established tuberculous foci toward this product, the conception 
is obvious that any modification of activity in the bacilli of reinfection 
may be mediated through its means. At any rate we are here furnished 
with definite terms for an experimental inquiry which it would seem 
easy to answer with satisfaction. 
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Through the kindness of Dr. E. R. Baldwin we were furnished with a 
sample of the well-known tuberculin prepared by him and with it were 
carried out numerous experiments involving a large number of animals. 
We used the tuberculin in dilutions of 1 to 3 per cent in 0.75 per cent 
NaCl solution. The amount of fluid injected was usually 0.5 cc., and 
in a few cases only 0.2 cc. We will briefly summarize the consistent 
results of rather complicated phenomena. 

Our experiments were usually carried out in the following way: Some 
16 guinea pigs were inoculated subcutaneously in the left loin with 0.005 
or 0.01 mgm. Tbc. G. Four of these animals were reserved as controls. 
The remaining twelve were divided into 4 groups. Each group received 
a dose of tuberculin on the right side, 1, 2, and 3 days, respectively, after 
its infection; at the same time two normal guinea pigs, as controls for 
each group, were given the same dose of tuberculin in the right side. 
The tuberculin controls showed, usually, slight but obvious local oedema, 
and frequently palpation gave the sensation of, as it were, slight fibri- 
nous subcutaneous deposits at the site of inoculation; seldom these 
condensed into a distinct but temporary nodule. The tubercle-bacilli 
controls showed rather notably less oedema than the tuberculin controls. 
However, their primary nodules when once detected pursued the char- 
acteristic development to abscess and ulceration. 

The experimental animals which, infected on the left side subsequently 
received tuberculin on the right, manifested some curious phenomena. 
There was no consistent difference between the periods of incubation of 
the nodules of infection in the controls and those of animals treated with 
tuberculin. In short, according to evidence, the administration of tuber- 
culin, in the manner and dosage described, within 5 days of infection with 
virulent tubercle bacilli, does not shorten the incubation period of the resulting 
primary nodule. 

It is not intended to imply that the subcutaneous injection of tuber- 
culin is indifferent, even to normal tissues; and in our experimental groups 
a rather notable oedema marked the site of tuberculin administration, 
and palpation usually gave the impression of subcutaneous deposits 
such as have been referred to. 

A test of tuberculin-bacillary contact was made in an experiment in 
which each of four guinea pigs was given on the left side 0.5 cc. saline 
solution containing a suspension of 0.01 mgm. Tbe. G. with 0.2 cc. of 1 
per cent tuberculin. Four controls received the same treatment, omit- 
ting the tuberculin. In the first four oedema and subcutaneous deposits 


if 
4 
a 
i 
a 


24 SEWALL, DE SAVITSCH AND BUTLER 


appeared on the first day and fluctuated at the site of inoculation, but in 
each of two cases a definite primary nodule was not established until 
the tenth day after infection; in the other two cases rather doubtful 
nodules appeared on the fourth day of incubation, but did not become 
typically defined until the tenth day or later. The latent periods of 
nodules in the control group were about seven days in each case. It is 
interesting to note that tuberculin administered, as described, within the 
period of nodular incubation appears not to affect adversely the life- 
expectancy of the recipients. On the contrary, of four animals that 
were given tuberculin a day or two after the development of their nodule 
of infection, three lived only about two months after the tuberculin 
injection. 

We now come to the description of a phenomenon which was the 
occasion of repeated experimentation. It has been observed that when 
a guinea pig has been infected with virulent tubercle bacilli on the left 
side, the injection of tuberculin on the right, within 4 or 5 days, was likely 
to be followed on this side by a slight subcutaneous deposit that occa- 
sionally became defined as a distinct hard nodule 1 to 5 mm. in diameter 
with notable elevation of the skin and then, while still hard, would 
suddenly disappear. This increase of size in all diameters was so at 
variance with the course of other temporary nodules that it seemed that 
we might find here the association of factors on which depends the dis- 
appearance of human clinical tuberculous deposits by “resolution.” 
Thus, we may postulate the presence on the right side of a few viable 
tubercle bacilli emanating from the injection made one to several days 
before on the opposite side; now enters tuberculin and stimulates tissue- 
bacillary reactions leading to the premature formation of a nodule espe- 
cially subject to lysis through an agent whose discovery should furnish 
the key to much we would like to know. At all events experimental 
evidence is positive that at the site of bacillary reinfection specific bac- 
teriolysis is a fundamental factor in the phenomenon of Koch (27). 
While no conclusions can be drawn from our crude observations, it is 
permissible to suspect that in the complex of tissue cell, bacterium and 
tuberculin we have a natural linkage of three variables familiar in its 
clinical effects. 

Our intent has been to stress the continuity of the immune powers 
from small beginnings. We find that Hamburger and Toyofuku, more 
than two decades ago, had the same idea as regards tuberculin-hypersen- 
sitiveness; it increased gradually to a maximum from the hour of 
infection (14). 
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Hamburger and Monti found that tuberculous subjects develop in 
their circulation antibodies against tuberculin, while these are absent 
in normal persons; they quote with disfavor Pick and Léwenstein as 
having claimed the general presence of such antibodies with or without 
previous dosage with tuberculin (15). 

We are enlightened by such studies as those of Branch and Cuff on the 
antigenic properties of heat-killed bacilli (7). 

No part or product or property of the tubercle bacillus but may 
contribute to solution of the vital problem—Immunity. 


6. THE SUBCUTANEOUS NODULE OF REINFECTION IN EXPERIMENTAL 
TUBERCULOSIS. THE PHENOMENON OF KOCH 


In Koch’s description of the effects of subcutaneous reinoculation of 
tubercle bacilli in the guinea pig several points of difference stand out in 
contradistinction to the phenomena following primary infection: thus, 
an interval of, say, 4 to 6 weeks, must separate the two inoculations. 
After reinoculation, Koch writes: ‘“The little puncture-wound also heals 
at first, but there is formed no little knot” (nodule) (19). He had just 
stated that the primary infection had developed a nodule after the lapse 
of 10 to 14 days, so the absence of a nodule after reinoculation should, it 
would seem, not seem worthy of comment until after that period. The 
description continues: ‘On the next or second day after the inoculation 
the site and vicinity of infection becomes hard and dark in color. On the 
following day it becomes even clearer that the skin is necrotic, it finally 
is sloughed off leaving a shallow ulcer behind, which usually quickly and 
permanently heals, without the neighboring lymph glands having be- 
come infected.” 

As recited in an important paper by Hamburger (13), and in the volume 
of Calmette (8), numerous investigators repeated Koch’s experiments 
with more or less discordant results, both as to facts and interpretation. 

It seems extraordinary that Koch should have been able to idealize the 
phenomena of reinfection through some seven specific characters, not 
one of which, except acceleration of reaction, is constant. At all events 
the writer ventures to suspect that there are few students who, having 
failed to carry out for themselves an extensive range of appropriate ex- 
periments, would be able to cull from the literature a true conception of 
the “Koch phenomenon.” 

The invariable sequence of nodule-formation to early reinfection 
intrigued us to particularly investigate this phase of the Koch complex. 
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Scant attention has been paid in the literature to the nodule of rein- 
fection. We have already seen that Griiner and Hamburger omit dis- 
tinctive mention of a nodule even as a constituent of their Primdraffekt. 
Rich (24) quotes Rist and Rolland as having observed 


that the injection of a small number of tubercle bacilli into the skin of an 
allergic animal was followed, not by severe inflammation and necrosis, but by 
the development in the skin of a nodule, or tubercle, comparable to that formed 
in the skin of a normal animal as a response to a few bacilli. However, in the 
allergic animal this nodule developed somewhat more rapidly. Krause and 
Peters confirmed this observation in a careful series of experiments, and the 
phenomenon has since become familiar to every observant student of the 
allergic reaction. 


Bezancon and de Serbonnes, in an admirable investigation (6), studied 
the phenomena of reinfection in guinea pigs as repeated on successive 
days following primary infections. They dwell upon the broad biologi- 
cal meaning of the phenomenon of Koch, but clearly point out that “‘its 
details are determined by the relations of certain factors, as the number of 
bacilli used for primary infection and secondary superinfection, respec- 
tively, and especially on the time interval after which one inoculation 
succeeds the other.”’ They recognize, also, that changes commonly 
supposed to be characteristic of reinfection can, by modified dosage, 
appear after primary infection. Nevertheless, we cannot find any 
evidence that these workers showed any interest in the hard nodule of 
tuberculous infection but only in the abscess into which it degenerates. 
In the latter part of their work Bezangon and de Serbonnes transfer 
their attention to experimental pulmonary tuberculosis, their method of 
infection being direct injection of bacilli into the trachea, commonly in 
amounts of 0.5 to 0.005 mgm. Their results, like those described by 
Calmette and by Baldwin and Gardner (3), show plainly enough the 
radical difference between the biological tactics of infection as it involves 
the body through a traumatic subcutaneous portal and the normal air- 
passages. 

This province of tuberculosis does not concern us here, but we think 
an important misinterpretation may attend one statement made by 
Bezangon and de Serbonnes. They remark, namely, that guinea pigs 
rendered hypersensitive to tubercle bacilli by the tracheal route, on 
receiving in the same way a reinfecting dose, immediately manifest a 
paroxysm of intense dyspnoea. The writer feels sure that this has no 
specific relation to tuberculosis but is only an expression of tuberculo- 
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protein allergy similar to that already described by him as ‘experimental 
asthma,” dependent upon respiratory sensitization to horse-serum (32). 

The French authors were the first to seek to establish the conditions 
of variation in the classical “phenomenon of Koch,” but their bacillary 
dosage was usually very much heavier than ours. Their tabulated 
results show that with reinoculation 53, 33, or 25 days after the primary 
infection the local results in the skin are ecchymosis and necrosis; after 
16 days, the same in very slight degree; with reinoculation after 9, 11, 13 
or 21 days abscess is produced. That is, up to an interval of 21 days a 
suppurating primary nodule is formed just as in our own experiments, 
even though their usual dosage was 50 times as great as ours. We shall 
later show reason for believing that these investigators probably failed 
to continue the examination of their animals for the days following the 
immediate results of reinoculation, or they would have witnessed nodule- 
formation and abscess following reinfection, but without ulceration, after 
very wide intervals between the inoculations. They considered the 
effects of varying the quantity of bacilli inoculated: with the reinfecting 
dose constant, those animals which received a large infecting dose, 0.5 
mgm., developed the phenomenon of Koch earlier than those receiving 
a small, 1/40-mgm., primary infection. In animals receiving the same 
primary infection, the size of the reinfecting dose being varied, when the 
latter was small an abscess (nodule) was produced, but when the rein- 
fecting dose was large the Koch phenomenon appeared. They found 
that for very considerable periods after iufection, if not indefinitely, 
reinfection which had constantly resulted in the phenomenon of Koch 
under a given dosage of bacilli would, when the size of the dose was 
sufficiently diminished, give rise to an abscess; that is, repeat the ordi- 
nary sequel to primary infection. In short, by manipulation of the 
respective dosage of infection and reinfection and the interval between 
them the phenomenon of Koch or that of primary infection could be 
produced at will, the inflammatory signs of the former being retained to a 
degree in the latter. 

We shall later reconsider these facts as evidences of a host-protecting 
function of allergy coérdinated with the intensity of intoxication. 


7. THE INFLUENCE OF BACILLARY DOSAGE UPON THE PHENOMENA OF 
REINFECTION 


The authors last quoted especially confined their observations to the 
effects of what we must regard as rather massive doses. Nevertheless, 
they demonstrated the fundamental fact that an allergic guinea pig may 
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respond to reinfection with the production of an abscess, like a normal 
guinea pig, when the superinfecting dose is small, or manifest the typical 
phenomenon of Koch when the dose is large. 

A group of young guinea pigs was infected in the right loin, each with 
0.000,005 mgm. of Tbc.G., on September 30, 1930. Primary nodules had 
but recently developed in 3 of the animals when they were reinoculated 
with the same dose on the left side 25 days after infection, together with a 
group of normal controls. Of the guinea pigs which were reinfected, 
one showed no reaction whatever, but, when killed 318 days after the 
date of infection and 297 days after reinfection, the extent of disease, 
especially in the viscera, was very notably less than in the controls which 
had been infected when the former were reinfected experimentally. 
The complete lack of reaction to reinfection should probably be regarded 
as marking a highly efficient though silent Koch’s phenomenon, protec- 
tive without manifest signs of disturbance. The minute dosage would 
lead to the suspicion that reinfection on the left side had not actually 
occurred, were it not for the marked and characteristic vascularity there 
disclosed by autopsy. In spite of the evidence of its notable resistance 
against tuberculous disease, this guinea pig when killed had lost weight 
and was failing. 

Of the two other guinea pigs which had been reinfected, one showed a 
nodule of reinfection on the left side, but in the other its presence was 
doubtful. Different from all cases of reinfection with larger doses, there 
was no acceleration of formation in the nodule of reinfection; on the 
contrary, there was rather retardation, for it did not appear for 30 days 
or more after reinfection. These two animals died from a somewhat 
advanced and, in one case, rather acute tuberculosis 202 and 210 days, 
respectively, after their reinoculation. As compared with the controls, 
disease appears to have been increased both in extent and acuteness by 
reinfection. These three reinfected animals furnish evidence for a prop- 
osition to be taken up later, namely, that, according to the immune 
status, allergic reaction may operate for the benefit of the host on the 
one hand, or for that of the infective germ on the other. 

We consider finally the three control guinea pigs which were infected 
on the left side at the time of reinfection of their companions. They all 
lived in good to fair clinical condition until they were killed, 159, 174 and 
334 days, respectively, after their infection; the first mentioned has 
been described above (p. 13). Autopsy in each represented the famil- 
iar picture of chronic tuberculosis following on slight infection. The 
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characteristic reaction to reinfection was absent, namely, the apparent 
biological effort to segregate and wall off the field of infection. Even in 
the least infected animal the regional lymph nodes were rather highly 
inflamed and visceral tuberculosis was under way. 

In the experiment from which table 1 was compiled, 12 young male 
guinea pigs were infected on the left side in groups of 3, with doses 0.01, 
0.1, 1.0 and 10 mgm. The results were detailed in section 3. Forty- 
four days later each group was reinfected on the opposite side with the 
same weight of bacilli as before. As usual after reinfection, there was a 
decided local inflammatory reaction within 24 hours. This was rela- 
tively little marked with the smallest dose, but became intense, with 
expression of pain on handling, with dosage of 0.1 mgm. and increased 
with larger quantities. 

It is important to describe separately in brief detail the results of rein- 
fection with the various quantities of tubercle bacilli. 

With a dose of 0.01 mgm., the oedema being relatively slight, the 
nodules of reinfection became well-defined within 2 to 3 days. These 
increased in prominence for 10 or 15 days, being felt as soft subcutaneous 
swellings up to 10 mm. diameter, which seemed to decrease with pres- 
sure. No ulceration appeared, the skin over the site of reinfection 
appeared normal, the animals looked well and had increased consider- 
ably in weight. Reéxamined 118 days after their reinfection, one of the 
guinea pigs had slowly but progressively lost weight, but the other two 
had gained, one of them increasing from 570 gm. soon before reinfection 
to 950 gm. 118 days after it. In this animal the site of reinfection was 
practically normal, but on the left (site of infection) an inconspicuous 
scabbed line with small deposits marked the old lesion; this line was still 
necrotic, for two pinhead ulcers opened on pulling the hair. The other 
two animals showed intact skin on the side of reinfection, without necro- 
sis, but in each a line of small hard subcutaneous nodules could be felt. 
In each the skin on the site of original infection showed a scabbed line of 
subcutaneous nodules and an ulcer opened under the strain of depilation. 

Except in fat guinea pigs the regional lymph nodes can be palpated 
with fair satisfaction, and we have given much care to the changing size 
of the inguinal lymph nodes under the conditions of experiment. As 
this sense perception cannot be transferred, the examinations were prac- 
tically all made by the same observer. Denoting the smallest well- 
defined inguinal node by + and the largest that could be produced by 
++-++, a scale of seven stages is provided for recording the estimated 
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size of the organs. Long experience based on many hundreds of exam- 
inations has given us considerable confidence in the value of such ob- 
servations. We confirmed the frequent statements of early observers 
that swelling of the regional lymph nodes at the site of infection is not 
usually detectable for several days after appearance of the primary 
nodule. We have habitually found a minor degree of swelling on the 
side opposite to that of infection, and not very infrequently the swelling 
on the contralateral side seems to appear first. Observed at intervals 
through many weeks an infected guinea pig often shows considerable 
lability in lymph-node volume. We have usually found more or less 
acute, though slight, swelling of the lymph nodes adjoining the site of 
reinfection; but we think it a matter of considerable practical importance 
to state that, according to our observations, the more perfect the immune 
state of a guinea pig at the time of reinfection the less likely it is that the 
procedure will cause the regional lymph nodes to swell; on the contrary, 
the obvious enlargement that had involved the lymph nodes contralateral 
to the side of infection seems often to be reduced for some days following 
reinfection; though, as illustrated in the group of animals last described, 
several months after the latter operation the lymph nodes on the side 
of infection increase in size, probably due to suppuration. 

Reinfection with 0.1 mgm. Tbc.G. 44 days after infection with a 
similar dose was followed by much greater signs of reaction. The local 
oedema made it difficult to define the nodules of reinfection for several 
days. Slight superficial temporary ulceration occurred within a day, 
but the local lymph nodes swelled slightly. The guinea pigs were 
seriously toxic, and in two of them the skin became necrotic on the side 
of reinfection and tore easily with depilation. One died with acute 
visceral tuberculosis 103 days after reinfection. In this group rein- 
fection with 0.1 mgm. produced in two cases a general toxaemia and 
destructive local allergy wholly absent in the first group. Reinfection 
with 0.01 mgm. Tbc.G. had seemed to awaken a response not unsalutary 
to the animal. Multiplying the dose by ten gave distinct pathological 
effects but without excessive local allergic reaction. 

The remaining two groups reinfected with 1.0 and 10 mgm. Tbc.G., 
respectively, may be briefly considered. There was notable local 
inflammatory reaction in each case. The animals under these two 
dosages more nearly represented the typical Koch phenomenon than 
others. After the acute inflammatory reaction at the site of reinfection, 
which to a degree spread to the opposite side, the involved skin was 
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obviously necrotic. In two guinea pigs after the larger dose (10 mgm.) 
there was massive sloughing of the skin at the site of reinfection, leaving a 
rather deep and more or less indolent ulcer. Both these animals died 
in 78 days after reinfection with rather extensive internal deposits of 
tubercle, but to a lesser extent in the lungs. Marked softening of the 
spleen and liver were found, and great enlargement of the former. In 
one case there was a peritoneal serous effusion. 

Two of three guinea pigs also died after reinfection with 1 mgm. 
Tbc.G. Ulceration without massive sloughing was here observed. 
Necrosis of the skin on the side of reinfection was evidenced by its ready 
tearing under the strain of depilation, and this loss of vitality was in 
marked contrast to what we shall find subsequently. The deaths of 
these two animals occurred 50 to 60 days after reinfection. Autopsy 
gave pictures of acute disease with bloody peritoneal effusions. The 
nodules of reinfection did not, in either of these groups, present the 
frank characters we have hitherto described. To sum up, all guinea pigs 
dying spontaneously after reinfection with 10 and 1 mgm. showed acute 
tuberculosis. Not having traced the changes, step by step, by dissection 
after these dosages, we can only say that it appeared that the great sub- 
cutaneous deposits, following within a few hours of reinfection, within a 
few days had become delimited in a more or less well defined circular or 
oval body, more or less evidenced by elevation of the skin (figure 2). 
This deposit, at first firm to the touch, soon softened, and direct exam- 
ination showed it to be a well-circumscribed abscess. In cases of ex- 
cessive bacillary dosage now being considered, the abscesses can have a 
diameter of 2 or 3 cm., and their relationships would hardly be observed 
by an experimenter who had not traced the nodule of reinfection follow- 
ing moderate dosage. 

It will be noted that only 2 of 3 guinea pigs in each of the groups re- 
ceiving 1 and 10 mgm. of bacilli were described as dying of disease. 
Desiring to trace events following reinfection we had selected the animal 
of each group which seemed in best clinical condition, as judged by gain 
in weight, appearance, etc., and chloroformed the two 40 days after 
reinfection. The difference in pathological changes, as indicated by 
postmortem examination, between these animals and those dying spon- 
taneously was astounding and not to be explained by respective dura- 
tions of disease. 

In the subject which had received 1 mgm. bacilli there was decided 
but minor infection of liver and spleen; the lungs showed no tubercle at 
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this period, though the presence of haemorrhagic areas bespoke acute 
affection. In this case the marked inflammatory reaction habitual in the 
site of reinfection was considerably intensified. 

In the guinea pig which had received 10 mgm. bacilli the visceral or- 
gans showed considerably less evidence of tuberculosis than in the pre- 
vious case, except as to the lungs which contained a number of tubercles. 
The liver was free from apparent disease and the slightly enlarged spleen 
was stippled with tiny white spots. Extraordinary difference marked 


Fic. 2. External view of a young guinea pig, which had been inoculated subcutaneously 
with 0.01 mgm. Tbe. G. in the left lower abdomen, and 128 days later had received 10 times 
this dose, 0.1 mgm., on the right side. The guinea pig was killed 18 days after its reinfection 
and was in failing condition. On the left side the numeral, /, embraces the nodulated and 
ill-healed ulcerated seam of infection. Extension of the underlying inflammation is indicated 
in the reddened nipple at 2. On the right side, a points to the prominence made by the under- 
lying abscess of reinfection. 


the sites of reinfection in the two animals as regards the intensity of 
inflammatory reaction, which was excessive in the first case and subnor- 
mal in the second. There was no suppuration of the inguinal lymph 
nodes in either guinea pig on either side. 
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The facts that have been presented entailed a quandary that experi- 
mental animals of the same group should show such diverse pathological 
results as between guinea pigs which died from acute disease and those 
which were executed. 

Careful consideration suggests the following explanations: Autopsy 
showed that in each of the animals killed 40 days after reinfection there 
was remarkably complete isolation of the reinfected area. The bacilli 
had evidently been implanted on the surface of the panniculus carnosus 
in each case and this in turn had been enveloped in new-formed connec- 
tive tissue. Between the disease-membrane thus formed and the skin 
there developed the abscess of reinfection, apparently from antecedent 
nodules. In the guinea pig which had received 1.0 mgm. Tbc.G. the 
skin nodule showed evidence of a small closed ulcer. The excessive and 
extensive subcutaneous inflammation about the pus-pocket suggested 
imminent extension of infection. In the animal which had been rein- 
fected with 10 mgm. Tbc.G. there was equal or better walling-off of the 
abscess, but with surprisingly little inflammatory reaction about it; 
but in this case an open ulcer in the skin had long been flowing pus. We 
must suspect that to this free drainage of the abscess was due the rela- 
tively slight intensity of disease in this heavily infected animal. 

If this be true it would seem that such a defense reaction should be the 
rule in Nature’s response to reinfection instead of its being, at least in our 
experience, exceptional. Reasoning further, we may suspect a deeper 
meaning in the habitual lack of drainage for the abscess of reinfection, 
so strikingly in contrast to that of infection; perhaps the absorption of its 
toxic matter is a needed stimulant to immunity. 

We should not leave this theme without definitely noting that this 
experiment with 12 animals, from which table 1 is constructed, may be 
regarded as the keystone of our discussion. The reactions of the first 
six guinea pigs under dosages of 0.01 and 0.1 mgm. Tbc.G. are on the 
hither side of Koch’s phenomenon. Raising the dosage to 1.0 mgm., 
intense inflammation and hard local oedema mark the reaction, which, 
however, does not involve a degree of necrosis which turns the whole 
dermal area of reinfection into a sequestrum to be sloughed off, as we 
find in the two guinea pigs dying from a dosage of 10 mgm. This form of 
ulceration did not affect the animal described as having been killed. 

The gist of our conclusions is that vital reactions to reinfection, which 
appear qualitatively so different under the extremes of bacillary dosage, 
really merge insensibly one into the other with mounting intensity of 
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intoxication. We have excised and sectioned the hard nodule of rein- 
fection due to reinoculations of 0.01 mgm. Tbc.G., and have repeatedly 
pursued its evolution by palpation. Essentially the same course of 
development marks the larger deposits detectable within the phenomena 
of Koch, but an intimate anatomical and histological study of the trans- 
formations there manifested is still lacking. 

We have reviewed in animals which had been simultaneously infected 
with tubercle bacilli representing a wide range of dosage the results of 
reinfection with similar dosage after an interval of 44 days. It is obvious 
that any difference in the biological response to the two inoculations 
must have been dependent upon a changed state of the animals due to 
the first injection. It appears certain that the vital change induced in 
the animal host by infection is of progressive character, and that at any 
given time thereafter the ratio between the militant powers of the two 
contestants, cell and microbe, may be changed in favor of either. 

It is of fundamental importance to determine what effect, if any, the 
lapse of time has upon the antipathogenic powers of the infected animal. 


8. THE STATE OF IMMUNITY AS INFLUENCED BY THE INTERVAL AT WHICH 
REINFECTION SUCCEEDS INFECTION 


After finding that reinfection produced a nodule of reaction macro- 
scopically similar in appearance and history to the primary nodule of 
infection, a prolonged study was made of the effects of reinfection at 
various periods after the initial infection. It has been noted above that 
a sudden acceleration marks the advent of the nodule of reinfection when 
this succeeds infection after an interval of seven days, apparently even 
though the nodule due to infection has not yet appeared. 

In a group of 20 guinea pigs each animal was infected.with 0.01 mgm. 
Tbce.G. on the left side. On each of five subsequent occasions, varying 
from 14 to 26 days after the date of infection, 4 of the guinea pigs were 
reinoculated on the opposite (right) side, and 3 normal controls were 
treated in the same manner, the dosage being with 0.01 mgm., as before. 

With a fixed dose of 0.01 mgm. Tbc.G., it was found that reinfection 
performed at any interval between 1 and 26 days after infection was 
followed by accelerated nodule-formation (latent period one or two days). 
The site of reinfection in the experimental animals was more swollen and 
the nodule was deeper pink and larger than in controls. The nodule of 
reinfection suppurated and ulcerated with the discharge of pus exter- 
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nally; it could not be made out that this ulceration was premature as 
compared with controls; indeed, there were indications of notable delay. 

Little difference distinguished the reactions of the lymph nodes near 
the site of reinfection from the controls. 

When we repeated the experience with reinoculation 44 days after 
infection all three guinea pigs given 0.01 mgm. developed a nodule which 
softened, but only in one case was there ulceration. The two nonulcerat- 
ing guinea pigs are typical of all we have seen when reinfected with this 
dose (and often with one ten times as great) at intervals in excess of 44 
days. 

Our next experiment involved 8 young male guinea pigs, including 4 
controls, each of which was infected on the left side with 0.01 mgm. 
Tbe.G. Fifty-three days later 4 of the animals were reinfected with the 
same dose on the right side. This experiment is distinguished in our 
records because of the impression it gave of a greatly increased inflam- 
matory reaction to reinfection. In fact, one experimental animal was 
completely discharged from consideration because of the acute develop- 
ment of a great abscess at the site of reinfection, lest this might have 
been due to pyogenic contamination. The subcutaneous deposits in 
the swollen area of reinfection were not clearly defined as nodules for 
several days. It seems probable that in this delay lies one explanation 
for the general denial of the occurrence of such reaction-nodules as we 
have so generally observed. Two of these animals were chloroformed 
and dissected 102 and 118 days, respectively, after reinfection. In the 
first case the much enlarged nodule of reinfection was present, contained 
pus, and was the centre of a still intense inflammation in its immediate 
neighborhood. The nearest of the chain of regional lymph nodes was at 
a distance, was but slightly enlarged and not suppurating. The reactive 
inflammation seemed to be successfully isolating the distinctly infected 
area from the neighboring tissues. In the second animal autopsy showed 
the nodule of reinfection to have been resorbed, apparently, as is the 
eventual history in this class of cases. The local inflammatory changes 
and extensive ecchymoses in skin and muscular panniculus were note- 
worthy. On the left side, that of the primary infection, there were also 
signs of inflammatory involvement to an unusual degree. Here we 
find that reinfection with our familiar dose of 0.01 mgm. 53 days after 
infection causes an unusually violent and long-continued inflammatory 
reaction. 
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It is a notable example of specific allergy. Nevertheless, violent and 
prolonged as is the response to reinfection, there are clear indications 
that the trend of the disturbance is to hem in and segregate the materies 
morbi. 

It seems reasonable to surmise that extending the interval between 
infection and reinfection has greatly magnified the kinetic energy de- 
veloped at the focus of reinfection, but from the point of view of the 
suffering host the shock from reinfection is extremely severe while its 
remedial value is distant and doubtful. : 

Here for the first time we shall venture to approach our problem and 
future procedure from the theoretical side. Pirquet, in coining the word 
Allergie from the Greek defined it literally as ‘‘altered reaction.” Under 
intensive investigation, lubricated with imagination on the part of many 
students, the significance of allergy itself became altered, and it became 
accepted as a term for the fighting arm of immunity in the protection of 
a host against an invader. Even so, able proponents for this view of its 
function, as Hamburger, Calmette, Krause, were careful to point out that 
allergy is a two-edged sword and may at times wound the host rather 
than its enemy. In general, the determining conditions are recognized 
as largely quantitative: with a given state of allergy immunity is ensured 
against the deleterious action of small numbers of invading pathogens, 
for through it they are immediately attacked and destroyed. But in 
case the army of pathogens is too large for such conquest allergy may 
turn against the host and hasten destruction of the latter. 

In interesting and valuable contributions Rich (24) and Rich and 
McCordock (25) have recently attacked this point of view. It is im- 
possible here to present their arguments, the gist of which, according to 
the writer’s interpretation, is that allergy is an unessential factor in the 
immunity complex, has no necessary part in protection against or cure 
of disease, and that the concept, as now accepted, obstructs the advance 
of knowledge. 

The writer is impressed with the futility of hoping to achieve a satis- 
factory mechanical conception of immunity while many or most of the 
substantial factors concerned in its development are unknown. But 
from the a priori plane one wonders why pathologists should make class 
distinctions as between the cytoplasm of the animal cell and the proto- 
plasm of the tubercle bacillus. Is not it rational to suppose that there is 
one principle of allergy representing the reactivities of both host and 
pathogen and reciprocal in its ultimate effects? Under certain condi- 
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tions, chiefly wholly quantitative, the multicellular organism is favored 
and the invading pathogen proportionately handicapped, and vice versa. 

With this thought in mind the writer has recently tried to express his 
idea of the primordial and fundamental réle of allergy, distinct from 
chemical mechanism, through certain psychic analogues (33). Cer- 
tainly, such a conception must appeal to the practical clinician who 
watches the course of a case of active pulmonary tuberculosis. 

We can see nothing in the careful definition of allergy made by Rich 
(24) from the point of view of the invaded host that may not be trans- 
ferred to the invading parasite. This binocular view of immunology 
was, by implication, first brilliantly advocated by W. H. Welch in the 
Huxley lecture for 1902 (37), but seems since to have been strangely 
neglected. 

More may be said for a dual allegiance of allergy. Investigators 
seeking a formula for a culture medium presenting optimum conditions 
for growth of tubercle bacilli have been impressed with the sensitiveness 
of the living germs to minute variations in the qualitative and quantita- 
tive composition of the medium. Ina sense, in the infected body, the 
tissue cells and the microbes may each be regarded as a nutrient for the 
other, and we witness two contending living substrates mutually seeking 
adaptation to their different needs. Allergy, protissue and promicrobe, 
acutely marks the trend of advantage; or either combatant may become 
outclassed and the other move unopposed to the end. This seems to 
present a true conception of clinical experience. 

Returning to consideration of our own experiments, evidence has been 
advanced to show that a modified tissue reactivity, call it allergy, is set 
up in the animal more or less immediately from the moment of infection. 
It is worth noting that the same quick response is manifested by the 
cytological developments at the site of inoculation (16). 

Using the acceleration of nodular-formation following reinfection as 
a measure of allergy, this state undergoes a very sudden and marked 
increase of irritability about seven days after primary infection with a 
moderate dose (0.01 mgm.) of virulent tubercle bacilli; this acceleration 
of reaction to reinfection is probably a permanent property. The in- 
tensity of allergy, as it is measured by the intensity of reaction to rein- 
fection, according to our observations undergoes a slow but a fairly 
steady increase; in our studies on the guinea pig it definitely seemed that, 
with a dose of 0.01 mgm. Thc.G., the allergic reaction to reinfection’ was 
greater 53 days after infection than at any earlier period. 
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Let us posit that “allergy” is an index of protective or immunizing 
reactivity in the invaded host. Allergy in tuberculosis owes its exist- 
ence to infection, and its intensity must depend to a degree on the mass 
of the infective dose and the pathological area developed by it. But in 
the guinea pig tuberculous infection is usually progressive and the number 
of healthy tissue cells capable of protective reaction continually de- 
creases. In short, following infection we could, if sufficiently well in- 
formed, in each case choose a time at which reinfection would find the 
animal host in a state of optimum protective allergy while still not over- 
whelmed by the agents of disease. It has been pointed out that at 44 
days, and especially 53 days after infection, a specified dose of bacilli 
causes a reaction of unusual violence but with manifestly protective 
features for the host, as shown in its inflammatory struggle to segregate 
the invader. No explanation of the facts seems so plausible as that 
which sees in infection a battle of allergies, as between host and invader, 
whose curves of intensity have a reciprocal relation in which the viru- 
lence of struggle may, on the one hand, mark:a victorious host or, on the 
other, a placid course indicate unresisted sapping of vitality. 

These theoretical considerations led to an experimental inquiry into the 
influence of the interval between infection and reinfection upon immunity 
in the host. 

Taking stock of our experimental material, we found that in four 
different experiments the control animals survived in good condition and 
to the number of sixteen. Each guinea pig had been infected subcutane- 
ously, 10 with 0.01 mgm., 4 with 0.005 mgm. and 2 with 0.001 mgm., of 
pure cultures of virulent tubercle bacilli. All reinfections, the results 
of which we are now to consider, were made on the opposite side of the 
body and on the same date, namely, June 15, 1931. 

The basic data of these observations are summarized in table 5. There 
are considered in the first column four different time-intervals between 
infection and reinfection, namely 68, 74, 89 and 128 days. 

It is obvious that a detailed analysis of the clinical histories and autopsy 
records founded upon the data supplied in the foregoing table would be 
confusing. Rather, we shall present our estimate of the physiological 
effects of variation in special factors of the experiments. Certain 
general statements are expedient in advance. 

First, every animal included in the table developed a definite nodule 
at the site of reinfection. This nodule is founded on more or less volu- 
minous subcutaneous deposits and circumscribed oedema; its definition 
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is usually not completed for several days after reinfection. Like its 
congener, the nodule of primary infection, it eventually always sup- 
purates, but at these intervals after infection it does not ulcerate under 
the dosage used. According to evidence its ultimate fate is absorption. 
More intense inflammation marks the nodule of reinfection and its 
vicinity than is the case with the nodule of primary infection. (Figures 
2, 3, 4.) 

In postmortem examination of animals recently killed the macro- 
scopic criterion of inflammation is, roughly, the number and dilatation 
of the regional blood-vessels. It is found that the nodule of infection 
is supplied with visible vessels apparently originating on the nodule and 


TABLE 5 


The immunological influence of time-interval between infection and reinfection 


DOSAGE WITH TUBERCLE BACILLI RESULTS FROM THE 


INTERVAL IN DAYS VIEWPOINT OI 
BETWEEN INFECTION Eee IMMUNITY UP TO 
AND REINFECTION Entection | Reinfection, 23 DAYS AFTER 

| June 15, 1931 REINFECTION 


mgm. | mem. 
0.01 0.01 
0.01 0.1 


0.001 Excellent 


0.1 


0.01 
0.01 


Good 


0.001 
0.1 


0.005 
0.005 


0.001 0.001 
0.01 0.001 
0.01 | 0.1 


bo 


growing larger as they leave its border (figure 1). Visual evidence sug- 
gests that two sets of venous vessels lead from the primary nodule and 
its environs; the principal joins the vein of the regional inguinal lymph 
nodes. The second is more doubtfully connected with the nodule itself; 
it joins the longitudinal vein running in the muscle of the abdominal 
wall parallel to the linea alba; this vein dips inward at the attachment of 
the xiphoid cartilage, and passes forward on the under side of the sternum 
to the site of the anterior sternal lymph nodes. In the more highly con- 
gested area ot reinfection the vascular supply of the appropriate nodule 
is peculiarly rich, and our autopsy notes at times record that the regional 
veins grow Jarger as they approach and make contact with the nodule. 


68 | 2 | Fair 
| | 
74 
| | = 2 | 
| | | 
89 | 2 — 
| 2 
| | 
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We venture no inference from this appearance, but would note its con- 
trast to that of the slender venules that overlie the nodule of primary in- 
fection and grow larger as they depart from it. There seems no doubt 


Fic. 3. Shows the same animal as fig. 2. The skin was reflected from the right side and a 
close-up picture taken from the site of reinfection. The numeral, /, is on the abscess of 
reinfection situated in and under the panniculus carnosus. Note the rich vascular drainage 
from the abscess by the venules which converge toward 3, the inguinal vein. The lines 
from 2 embrace a series of inguinal lymph nodes. A window was accidentally cut in the 
muscular panniculus, leaving it adherent to the skin. Dissection showed the abscess to be 
seated on a vascular network. 


that the nodule of reinfection is supplied by abdominal veins distinct 
from that of the inguinal lymph nodes, and, indeed, by veins from both 
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sides of the body (figure 4). To interpret now the findings based on the 
data of table 5. 


Fic. 4. Is from a similar experiment and represents, in black, the intense vascularity of 
the region of reinfection on the right side and especially the relation of the abscess of rein- 
fection, /, with the longitudinal veins of the abdominal wall, 2 and 3, which on either side 
of the linea alba, 5, dip under the sternum above. A communicating branch between the 
longitudinal veins is marked at 4. Infection of the skin on the right is shown by the great 
petechial ecchymoses at 7. On the left, the obscure remains of nodulation at the site of 
primary infection are seen. 


The clinical study of these animals, fortified by postmortem examina- 
tion, strongly impressed us with the immunological importance of the 
time-interval elapsing between infection and reinfection. ‘The results 
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from the two middle periods of the series (intervals of 74 and 89 days) 
gave suggestions that, with the dosages noted, we may have found the 
period at which, from the standpoint of the animal, the ratio of favorable 
allergy to the extent and intensity of tuberculous infection is at an 
optimum. Various evidences point to this conclusion. Though our 
guinea pigs nearly always suffered a moderate loss of weight following 
reinfection during the surviving period of about 22 days allowed them, 
the animals of the two middle series remained in especially fine condition. 

The immediate inflammatory reaction at the site of reinfection with 
the considerable dose of 0.1 mgm., though marked, was not excessive. 
Especially notable, both on the side of the primary and of the secondary 
infection, there was a very obvious segregation of the experimentally 
infected areas. The distal lymph node of the chain on the side of pri- 
mary infection was usually, but not always, the seat of abscess; on the side 
of reinfection the nodes were rounded, 2 to 3 mm. in diameter, moderately 
soft, pearly and nonvascular. Lack of swelling in the regional lymph 
nodes of the site of reinfection seems to us the most characteristic ex- 
pression of local immunity. 

Estimation of the volume of lymph nodes by palpation in an overweight 
guinea pig is futile, for they are buried in a blanket of inguinal fat; but 
such is not the case under ordinary conditions, and serial examinations 
through long periods have led us to believe that the lymph node is prone 
to swell and shrink actively under certain experimental conditions. 
The drift of evidence seems decidedly against the proposition of Detre- 
Deutsch (10), who accounts for the lack of swelling accompanying the 
phenomenon of Koch as a result of exhaustion. 

The state of the visceral organs is, of course, the crux of our problem. 
For reasons to be mentioned, no extended report on this subject will now 
be made except that the lesions appeared to be less active and less ex- 
tensive than should have been expected. Particularly in the two guinea 
pigs reinfected with 0.1 mgm. Tbc.G. after an interval of 74 days 
autopsy showed the spleen, liver and lungs without definite macroscopic 
signs of tuberculosis. With such evidences before it, the mind is led to 
conceive a working hypothesis, namely, that, in experimental reinfection 
under appropriate conditions, not only may pathological lesions be pre- 
vented but that such may be removed when already present. No such 
conclusions can be drawn from the experiments which have been detailed 
for they present two radical deficiencies: (1) the animals did not remain 
alive long enough after reinfection (22—23 days) to develop the full effects 
of this inoculation; and (2) no normal controls for the primary infections 
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can be presented. These deficiencies will be corrected in experiments 
now under way. 

It might be expected that the longer interval, 128 days, between in- 
fection and reinfection would be especially favorable to develop the bene- 
ficial effects of reinfections. On the contrary, two of the animals, one 
reinfected with the smallest dose, 0.001 mgm., presented on autopsy 22 
days later what was interpreted as acute tuberculosis, the liver surface 
being obscured with a mat of projecting tubercles. 

Griiner and Hamburger stress the fact that an infected animal which 
improves in condition under small doses of antigen manifests only 
destructive hypersensitiveness following large doses. They point out 
that the normal and the allergic animal differ quantitatively but not 
qualitatively in their reactions to antigen. ‘They conclude, as indicated 
by our own experiments, that the Umstimmung (change in vital tone) of 
an animal following infection precedes the objective evidence of infection. 

Romer found that guinea pigs chronically infected with tuberculosis for 
6 to 12 months showed marked protection when reinfected with doses of 
0.001 mgm., and especially 0.000,1 mgm.; this protection against virulent 
reinfection increased with the chronicity of the process following the 
first infection, and with its duration. Pieces of the normal-appearing 
skin, excised from the site of reinfection 4 months after this operation, 
caused miliary tuberculosis when transplanted into normal guinea pigs; 
that is, the immune animal tolerates bacilli that are actively pathogenic 
for unprotected subjects. 

Rist and Rolland (26) would modify this conclusion. They found that, 
while excerpts from the lesions of allergic guinea pigs caused the forma- 
tion of nodules, etc., of infection when grafted into normal guinea pigs, 
when such grafts were taken from near the scar in an animal that had 
developed the typical Koch’s phenomenon, the excised tissue showed 
itself slightly or very slightly infective for the normal guinea pig. 

These authors attribute to intense bacteriolysis the paucity of tubercle 
bacilli found at the site of infection. 

We ourselves are at a loss to account for the almost universal escape 
from mention, if not from observation, of the nodule of reinfection and its 
terminal abscess, which impresses us as having important significance. 


DISCUSSION 


It is worth considering whether the scientific mind, through a course of 
some sixty years, has not acquired the habit of ignoring a purposeful 
meaning in certain compensatory adjustments of morbid tissue. The 
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primordial protoplasmic urge to satisfaction, which to Lamarck was the 
voltage behind anatomical evolution, fell into contempt before the more 
mechanistic doctrines of Darwin, and perhaps to our loss. 

Take to pieces any artificial machine and realize that function is the 
sole excuse for its existence and the pressing question is, “of what use?”. 
Did we but know the ancient disease, tuberculosis, there would doubtless 
be revealed an intriguing history of evolution. The ancestral tubercle 
bacillus that first gained lodgment in a community of animal cells found 
itself de trop. Then the age-old contest started, and the narrowest 
mechanistic view of life must concede that eventually the two contestants 
must have, by the very conditions of survival, mutually learned every 
art of thrust and parry, and of compromise in armistice. 

Rich (24) dwells on the proposition that inflammation forms no funda- 
mental part in defense against tuberculosis because successful infection 
may occur in the absence of a blood-vascular system. It is inconceivable 
that the developing metazo6n, finding itself in possession of such an engine 
as the circulation, should not have turned it against its hereditary in- 
vading enemy! In a minor contribution the writer tried to express, 
through the analogy of certain psychic fundamentals, the idea that that 
tissue reaction we know as allergy has general properties which in definite 
cases may result in opposite effects (33). In the present paper an 
attempt has been made to apply to tuberculosis what the writer under- 
stands to have been the general conception of Doctor Welch (37), and 
to see the invading bacillus enjoying an environment of allergy as specific 
as that affecting the cytological community, but “equal and opposite.” 
In brief, we cannot but think that understanding may profit if we study 
the details of the tuberculosis conflict with reference to their effect upon 
the welfare of the tissue cells on the one hand and the bacillus on the 
other. 

In estimating the experimental efforts detailed in this aritcle it must 
be noted that their methodology is almost completely artificial. Tuber- 
culosis contracted through subcutaneous inoculation of its virus must be 
relatively rare in nature. Possibly this is the key to the difference in the 
fate of the primary nodule of artificial subcutaneous infection as con- 
trasted with that of “natural” infection in the lungs. There may be 
shibboleths on guard at the portals of infection. 

It seems worth while to seek a partisan meaning in the reactions mani- 
fested by the animal organism when suddenly invaded by pathogenic 
germs. The objective effect of subcutaneous inoculation of a normal 
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animal with tubercle bacilli depends on the size of the dose. The most 
constant result is local oedema, a collection of watery fluid. We pass 
by the genial effect of dilution of the toxic matter thus secured, and 
especially the attenuation of its virulence by nonspecific enzymes, not to 
speak of phagocytic destruction. The oedema fluid exists in at least 
two distinct physical associations. It may cause soft, hardly perceptible 
swelling of the skin; it may represent distinct mounds of swelling, which 
when palpated diminish and disclose a more or less solid accumulation 
below. Or, with large bacillary dosage the local swelling is marked; the 
former soft tissues acquire a board-like hardness; as has been indicated 
above, the oedema water is fixed in the tissues. The whole area of in- 
fection has been splinted in a way to limit motion and, when by violence 
this is forced, pain calls for rest. 

Can it be doubted that these devices of reaction, out of many, tend to 
prevent an immediate overwhelming dissemination of virus through the 
host: that the splint of Nature and the splint of the surgeon, so different 
in form, have the same intention? The greater the bacillary dosage the 
greater accumulation of semisolid deposit beneath the skin; it can hardly 
be otherwise than that the waterlogged connective tissues have trapped 
and held the invading bacilli. 

When the preliminary mechanical reaction with its attendant in- 
flammation has somewhat subsided, we find constantly the development 
of a nodule, or quasitubercle, which inevitably ulcerates through the 
skin and discharges its pus; but never within the body, always upon its 
free surface. This abscess of tuberculosis serves to incarcerate noxious 
virus and discharge it from the reacting host. 

Through the local reactions to subcutaneous inoculation, immediate 
massive distribution of the virus to the virgin tissues is prevented. 
Through these reactions the untrained body cells enjoy a moratorium 
from overwhelming infection and suspension of their irrevocable debt. 
And this is a period of cytological training specifically directed toward an 
individual enemy, the tubercle bacillus. That this training greatly 
exalts certain powers of the body for self-protection is shown by its 
response to reinfection with tubercle bacilli. The universal testimony 
of experimental workers upholds the view that reinoculation of virulent 
tubercle bacilli to a large extent invokes their speedy destruction, es- 
pecially by lysis at the portal of entrance, or removal en masse in a slough; 
that it may retard the progress of chronic tuberculosis, and may not only 
increase tissue resistance but actually hasten the cure of existent lesions. 
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Experience shows that reinoculation with very small numbers of 
bacilli distinctly favors immunity. As if in coérdination with all these 
manoeuvres of protection, it has been found that the bacilli of reinfection 
appear to be restrained at the site of inoculation and only allowed to 
reach the general circulation after delay and gradually in diminished 
numbers. 

Unfortunately, the pathological panorama representing victory and 
restoration of the host may show an opposite succession and, as in a 
mirror image, portray the triumph of the invading germ. Bail (2) 
showed, indeed, that intraperitoneal inoculation of tuberculous guinea 
pigs with huge doses (ca. 100 mgm.) of tubercle bacilli caused acute death 
within a few hours, whereas normal controls survived the same treat- 
ment for days or weeks. But even so, according to Rist and coworkers, 
the directly assaulted peritoneum remains free from tuberculosis. 

The conception of tuberculosis as essentially an antigen-antibody 
conflict, which was so generally discussed and largely accepted by con- 
temporaries of Pirquet, while astonishingly adequate to explain our 
experimental results, has apparently lapsed because the search for anti- 
bodies, where they should be found, has proved fruitless. 

Knowing completely neither the nature nor the number of the varia- 
bles concerned in the reactions of immunity, it seems expedient at 
present to continue the collection of facts; hence the admirable design 
of the committee of the National Tuberculosis Association in their 
analysis, chemical and functional, of the tubercle bacillus. 

A capital advance in understanding the subcutaneous reactions of 
reinfection was made through a cytological study at the site of inocula- 
tion (27). It seems that in the normal guinea pig the injected bacilli 
are first engulfed by polynuclear phagocytes, these being’ later replaced 
by macrophages; in tuberculous guinea pigs none of the latter phago- 
cytes are engaged. Most important, in the normal animal, “the en- 
gulfed bacilli preserve their form, their acid-fastness, all their tinctorial 
properties, while in the allergic guinea pig the bacilli become rapidly 
changed, they stain poorly, break down into granules and quickly 
diminish in number.” 

Those who, like Detre-Deutsch (10), see in tuberculosis a prototype of 
syphilis find support in the strange freedom from chronic lesions at the 
site of reinfection enjoyed by tuberculous animals. 

Della Cella (9) appears to have been the first to have entertained a 
conception of a specific local as distinguished from a general immunity 
to infection. 
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In the appropriately allergic animal reinoculation with tubercle bacilli 
causes a sharp flurry of inflammation at the site of reinfection, beginning 
immediately but subsiding after some days or weeks, when the affected 
area becomes sensibly normal. It would seem fair to assume that any 
harm accruing to the tuberculous host through reinfection must be 
mediated through specific lesions already present. 

Some insuperable defense seems to be imposed by the anatomically 
normal allergic tissues against direct implantation of virulent tubercle 
bacilli. This strange immunity of the Jocus of reinoculation has been 
variously explained: Rémer conceives the tuberculous tissue to be in- 
compatible with bacillary growth. Bezancgon and de Serbonnes see the 
injected bacilli removed en masse in the slough cast off in the Koch reac- 
tion. Krause and his colleagues look upon the local inflammatory proc- 
ess as the effective executive arm of allergy, through which the peccant 
invaders are first incarcerated, then destroyed and consumed. Calmette 
cites evidence that tubercle bacilli injected by the vein in normal animals 
may be recovered from the circulation for a considerable period of time; 
but when the same procedure is carried out on animals already tuber- 
culous, the bacilli rapidly disappear from the blood. As already ob- 
served, Rist and coworkers see in allergy the development of specific 
bacteriolytic powers, through which tissues of the host, fixed or wander- 
ing cells, dissolve or digest tubercle bacilli. 

In a previous section we have called attention to the rapid solution of a 
nodule which had been induced by injection of tuberculin in an animal 
within a few days after its infection with tubercle bacilli. It was sug- 
gested that this might represent the cure of tuberculosis by ‘‘resolution” 
of formed deposits. 

Perhaps no single sign better indicates that a tuberculous animal has 
reached the immunological stage of a complete “Koch’s phenomenon” 
than the lack of swelling in the regional lymph nodes following reinfection. 
It was common for us to find lymph-node swellings to follow reinfection; 
therefore it was interesting to note in the series of experiments depicted 
in table 5 that the lymph-node swelling had apparently failed, especially 
in those animals which were reinfected at the interval which was found 
most conducive to their welfare. 

That is, it would seem probable that the shortest period after infection at 
which reinfection causes no swelling of the regional lymph nodes marks the 
optimum immunological stage of the animal as concerns its resistance toward 
tuberculosis. 
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It is obvious that if allergy has, as we have presumed to suppose, a 
double character, manifesting itself as a force conservative now of the 
host, now of the germ, as determined by the resultant of many factors, 
vital and physical, then we should expect that the self-same stimuli 
which would appear highly salutary to the host under one set of condi- 
tions might prove disastrous under another. Thus, Romer (29) has 
urged that acute general cavitation in chronic pulmonary tuberculosis 
is evidence of massive reinfection, which may be reproduced experi- 
mentally as it sometimes confronts us clinically. We are inclined to 
suspect that this is only a special form of the Koch phenomenon. 

Clinicians have long recognized two essentially different forms of 
tuberculosis, one limited to the lymph nodes and the other involving the 
visceral organs, and have descanted on the prophylactic influence of the 
first. A quarter-century seems to have advanced us little in the knowl- 
edge that would enable us to definitely accept or reject the assertions of 
Bartel or of Weleminisky on the réle of the lymphatic system in this 
disease. 

In conclusion, we cannot but think that in the end it is the intelligent 
and instructed practitioner of medicine who must be depended on to 


clear up the data of clinical tuberculosis. He will likely agree with 
Rémer (30) who writes: “The extension of a tuberculous process is 
surely the result of reinfection, which in most cases occurs from within 


and therefore, as I have called it, as a ‘metastatic auto-infection.’ ” 


Experience would seem to show that, by and large, the rest which the 
doctor enjoins represents a period during which metastasis is absent or 
at a minimum, when allergy favorable to the germ subsides and that 
helpful to the tissues accrues. ‘Through graded physical activity, on the 
other hand, he can so regulate the energy of the circulation as to auto- 
inoculate the body at will with minimal to overwhelming dosage of 
tubercle bacilli and their toxins. No argument is necessary to impress 
the importance of the intensity of induced autoinoculation; only long 
experience and careful observation can show the value of proper regula- 
tion of the intervals between autoinoculations. 


SUMMARY 


An account is given of the development of the primary nodule of 
infection, with its vascular supply and associated tissue changes. 


(Figure 1.) 
The incubation period of the primary nodule varies somewhat in- 
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versely with the infecting dose, and seems shortened by tissue irritation. 
Apparently forces of stimulation and inhibition are coérdinated in de- 
velopment of the nodule. 

Infections with 0.01 mgm. of a pure culture of tubercle bacilli may 
cause slight subcutaneous tissue condensations in advance of nodule- 
formation. Such deposits greatly increase up to our maximum dose of 
10mgm. They are of inflammatory origin and are probably due to non- 
specific chemical irritation resulting in fixation of the water of oedema. 

With large bacillary doses, 1 to 10 mgm. the acceleration and physical 
characters of the effects of infection closely resemble those commonly 
described as peculiar to reinfection. 

When a guinea pig is infected in one groin and then on successive days 
is reinfected in the other, a nodule is formed after the secondary dose 
similar in physical character and history to the primary nodule. But the 
incubation period of the second nodule is apparently progressively 
slightly shortened from the first day, as compared with that of primary 
infection in the experimental and control animals. When the interval 
between infection and reinfection reaches about seven days, the latent 
period of the nodule of reinfection is suddenly greatly decreased; this is 
about the time required for development of the primary nodule of infec- 
tion on the opposite side. Thereafter the response to reinfection main- 
tains its acceleration whatever the interval. 

Tuberculin injected into a guinea pig within five days of its infection 
with tubercle bacilli on the opposite side did not appear to shorten the 
incubation period of the primary nodule, as compared with controls. 
Nevertheless, it is suspected that the association of tissue cells, tubercle 
bacilli and tuberculin represents a complex of definite immunological 
import. 

We have found under ordinary bacillary dosage, say up to a weight of 
0.1 mgm. of pure culture, that a nodule of reaction invariably follows 
reinfection which succeeds infection at intervals ranging, at least, between 
1 and 128 days. 

When the interval between infection and reinfection does not exceed 
26 days we have found that the accelerated nodule of reinfection softens 
and ulcerates through the skin, as does the nodule of primary infection, 
but the ulceration of the former is not accelerated. 

Increasing the interval between the two inoculations, we found that at 
44 days the softened nodule of reinfection does not ulcerate after a dosage 
of 0.01 mgm., but still does so with 0.1 mgm. or more. Increasing the 
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interval beyond 50 days, abscess developed from the nodule, caused by a 
reinfecting dose of 0.1 mgm. tubercle bacilli, does not ulcerate, but 
appears to be eventually resorbed, and the skin at the site of reinfection 
remains intact. (Cf. figures 2-4.) 

Preliminary experiments indicate that, from the standpoint of im- 
munology in the guinea pig, the optimum interval between infection and 
reinfection with moderate bacillary dosage is about seventy days. 

We conclude that the “phenomenon of Koch” is an ideal conception, 
whose usefulness is impaired by too rigid definition of details. 


It remains to express our appreciation to Dr. H. J. Corper, Director of the Department, 
for the cordial codperation and invaluable aid he has rendered us. 
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EXPERIMENTAL TUBERCULOSIS IN THE ALBINO RAT! 


THE COMPARATIVE EFFECTS OF AVITAMINOSIS, SUPRARENAL- 
ECTOMY AND THYROID-PARATHYROIDECTOMY ON 
EXPERIMENTAL TUBERCULOSIS 


M. MAXIM STEINBACH 


The resistance of the albino rat to various forms of infection, its 
ability to tolerate large doses of toxins and drugs, and the difficulty in 
producing anaphylactic shock, make this rodent unique for the study of 
inherent or natural immunity. Numerous efforts have been made to 
throw light upon this immunity of the albino rat by subjecting the 
animal to experimental infection while exposed to extremes of heat or 
cold, vitamine deficiency, blockade of the reticuloendothelial system, and 
adrenalectomy. The natural protection which the rat enjoys against 
the mycobacterium of tuberculosis has been recognized by many workers. 

Colin (1) appears to have been the first to report that the rat is re- 
fractory to experimental tuberculosis. A. S. Griffith (2), Cobbett (3), 
and F. Griffith (4) failed to produce tuberculosis in albino rats by feed- 
ing them human, bovine and avian strains of the tubercle bacillus. 
Boquet and Negre (5), in a similar experiment, report macroscopic pul- 
monary tuberculosis, but no other lesions. Koch (6), Straus (7), Boquet 
and Negre (5), Galli-Valerio (8), and Goldenberg (9) failed to obtain 
microscopic tuberculosis in white rats after subcutaneous and intraperi- 
toneal infections. Aoki (10), testing the intraperitoneal and the intra- 
venous routes with mammalian tubercle bacilli, secured only macroscopic 
tubercles in the lungs. Gloyne and Page (11) were unable to produce 
actual disease when they injected from 1000 to 2000 million tubercle 
bacilli of a human pathogenic strain either subcutaneously or intraperi- 
toneally into rats. Ornstein and Steinbach (12) injected rats with 
tubercle bacilli intraperitoneally, but failed to produce tuberculosis. 
These authors corroborated the significant findings of Gloyne and Page 
(11) and Cobbett (13) that, although the rat is refractory to the infec- 
tion, the animal harbors the microérganism many months after inocula- 

1From the Department of Bacteriology, College of Physicians and Surgeons, Columbia 
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tion with the tubercle bacillus which also retains its virulence, as proved 
by subsequent guinea-pig inoculation. 

In the present study attempts were made to break down this immunity 
by vitamine deficiency, adrenalectomy and thyroid-parathyroidectomy. 


THE EFFECT OF AVITAMINOSIS ON EXPERIMENTAL TUBERCULOSIS IN THE 
WHITE RAT 


The importance of vitamines in the maintenance of resistance against 
disease is generally acknowledged. Deprivation of vitamine A from the 
diet of the white rat is followed by specific changes in the epithelial tissues. 
This morbid change in the tissues permits the passage of pathogenic 
microérganisms which ordinarily are held in check by the healthy epithe- 
lium. Thus, Cramer and Kingsbury (14), Mori (15), Cramer (16), 
Drummond (17), Macy, ef al. (18), Green and Mellanby (19), Turner, 
Anderson and Loew (20), and McCordock and Congdon (21) have shown 
conclusively that when the albino rat is deprived of vitamines it spon- 
taneously develops xerophthalmia, pyogenic infections and lung diseases. 
Lange and Simmonds (22) subjected different series of white rats to high 
and low protein diets and to a diet deficient in salts. They believe that 
they produced experimental tuberculosis by injecting bovine tubercle 
bacilli subcutaneously into these rats. Lange, in a second communica- 
tion (23), studied the influence of fat and vitamine feeding on experi- 
mental tuberculosis in this animal. The tissue reaction in all the animals 
was practically the same. There was never any caseation, and the 
tuberculous lesions never extended beyond the regional lymph nodes. 
Grant, Suyenaga and Stegeman (24) found that the white rat readily 
develops macroscopic and microscopic tuberculosis of the lungs when 
the calcium and vitamine-D contents are decreased. Grant, Bowen and 
Stegeman (25) reported that decreasing vitamine D sufficiently lowered 
the resistance of the white rat to bovine tubercle bacilli. 

A glance at the work we have cited will convince one that the resistance 
of the rat to tuberculosis may be tremendously lowered by deprivation 
of certain specific vitamines, and infection may then follow. 

With this experimental knowledge at hand, we decided, at the sugges- 
tion of Dr. Frederick P. Gay, to study the effect of the three types of 
tubercle bacilli in albino rats subjected to an avitaminic diet (white 
bread and water). In the first of these experiments 36 rats were used, 
divided into 3 equal groups. Twelve of these were inoculated with 
human, 12 with bovine, and 12 with avian strains, respectively, of the 
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tubercle bacillus. In each of. these groups, 6 animals subsisted on a 
bread-and-water diet while an equal number of controls was maintained 
on a full diet. Throughout all the experiments upon which we report 
the dose used was 1 mgm. of tubercle bacilli, dry weight, diluted with 
1 cc. of saline solution and injected intraperitoneally. The cultures 
were H37, the human strain, B1, the bovine strain, and the avian strain, 
all highly pathogenic, and were obtained from Dr. Petroff of the Trudeau 
Sanatorium. 

These animals were autopsied 25 to 206 days after inoculation. Of the 
animals on bread-and-water diet, those inoculated with the human and 
bovine strains showed no macroscopic or microscopic evidence of tissue 
reaction. However, direct smears and tissue stains of all these animals 
showed the presence of the tubercle bacillus. Of the 6 animals inoculated 
with the avian bacilli, three died and three were killed. Five (83 per 
cent) showed macroscopic and microscopic tuberculosis, the spleen and 
liver being especially involved. 

The control animals inoculated with the human strain were negative 
for tuberculosis, at autopsy and on microscopical examination. The 
bovine control group likewise was found negative. Of the third control 
group, inoculated with the avian strain, 50 per cent of the rats were found 
to have extensive tuberculous lesions visible both macroscopically and 
microscopically. 

We may then conclude from these experiments that the white rat is 
immune to the mammalian strains of the tubercle bacillus even when its 
resistance is lowered by a vitamine-deficient diet (white bread and water), 
but that susceptibility to the avian type is definitely increased over that 
of normal controls. 


EFFECT OF AGE ON EXPERIMENTAL TUBERCULOSIS IN THE WHITE RAT 


Since the majority of investigators who report the finding of tubercu- 
losis in the rat used the bovine organism, and because of our failure to 
produce disease in avitaminic rats by injecting a bovine pathogenic strain, 
we decided to study whether or not age is a possible factor in the resist- 
ance of the animal. Accordingly, 24 rats were injected with 1 mgm. of 
bovine tubercle bacilli, 12 of which were about a year and a half old, 
while the other 12 were not older than 30 days. Two animals from each 
group were killed at 30, 40, 50, 60, 70 and 80 days after infection. Twenty- 
three of the 24 animals were negative macroscopically and microscopi- 
cally. One of the adult rats, killed 60 days after infection, showed 
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microscopically a single but very distinct tubercle in the omentum. 
Tubercle bacilli were found in all the sections examined. In another 
experiment, we inoculated 10 normal rats with the same bovine strain, 
using the same dose and route. Four of the rats were over 2 years old 
at the time of injection, and 6 were 45 days old. The rats were killed 
in pairs (an adult and a young rat) at 15, 20, 40 and 50 days after inocu- 
lation. The remaining two young rats were permitted to live to 161 
days. None of the rats showed macroscopic or microscopic tubercu- 
losis in any of the abdominal organs, though most of them, particularly 
the adult animals, presented extensive pseudotuberculosis of the-lungs. 
Tubercle bacilli were demonstrated in the tissues. 

It seems from the above experiment that age is not a factor in the 
production of tuberculosis with the bovine bacillus. Only very rarely 
does the normal rat ever become infected with this organism. 


THE EFFECT OF ADRENALECTOMY IN EXPERIMENTAL TUBERCULOSIS IN 
THE RAT 


It occurred to us that it would be worth while to investigate the part 
played by the adrenal in protecting the rat against tuberculous infection. 
For some years we have observed that, when human beings develop 
chronic tuberculosis, and particularly when the disease is progressive, 
there is a tremendous drop in systolic blood-pressure. Many clinicians 
have suspected that this fall is due to adrenal intoxication by the toxin 
of the tubercle bacillus. On the other hand, those individuals who de- 
velop tuberculosis and maintain a normal or high systolic pressure usually 
run a fibroid course of pulmonary tuberculosis and have a marked tend- 
ency toward healing. 

Experimentally, Lewis (26) has shown that the removal of the adrenal 
renders the albino rat susceptible to various forms of intoxication. 
Bilateral adrenalectomy in the albino rat increases the sensitiveness to 
morphine, codeine, papaverine, curare, cobra venom, veratrine, digitoxin, 
adrenalin and diphtheria toxin. Lewis arrives at three conclusions: 
(1) that the adrenal has an antitoxic effect; (2) that there is hypersus- 
ceptibility to poisons after adrenalectomy; and (3) that there is hyper- 
trophy of the gland cortex during chronic intoxication. MacKay and 
MacKay (27) reaffirmed the work of Lewis by showing that the rat 
becomes susceptible to morphine after bilateral adrenalectomy. Jaffe 
and Marine (28) and Jaffe (29) could demonstrate that adrenalectomized 
rats are highly susceptible to typhoid vaccine. Quite recently Hartmann 
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and Scott (30) and Perla and Marmorston-Gottesman (31) reported 
that the resistance of adrenalectomized rats to typhoid vaccine can be 
increased by injections of cortin. Subsequently Marmorston-Gottes- 
man and Perla (32) found that repeated injections of cortin increase the 
resistance of suprarenalectomized rats to histamine. 

Clinical and experimental information led us to believe that the ad- 
renal is necessary to life in most animals, with the exception of the rat 
and rabbit, both of which may survive an indefinite time after bilateral 
adrenalectomy; that adrenalectomy lowers the resistance of these animals 
to infections, toxins, and drugs; and that, in the human being, any dis- 
ease of the adrenals, such as tuberculosis and tumors, brings about 
asthenia, low blood-pressure, bronzing of the skin and mucous mem- 
branes, and finally death. Since we failed to produce tuberculosis with 
the mammalian tubercle bacilli in avitaminic animals, we felt that, if we 
could further lower the resistance of the albino rat by removing the 
adrenals, we might be successful in producing tuberculosis with these 
microorganisms. 

A large number of white rats were suprarenalectomized, but most of 
them died soon after the operation. Of those that survived, 19 were 
inoculated 5 days postoperatively with 1 mgm. of the bovine, and 5 with 
1 mgm. of the avian strain. Of the 5 suprarenalectomized animals 
inoculated with the avian bacilli, and autopsied 8 to 189 days after in- 
jection, all had extensive tuberculous lesions. The tissues were all 
positive for tubercle bacilli. In the previous experiment it was shown 
that only 50 per cent of normal rats inoculated with the avian strain 
developed characteristic tuberculous lesions. It was, therefore, deemed 
unnecessary to use additional controls for this group. Of the 19 animals 
in the bovine group, 12 survived for periods ranging from 3 to 38 days 
(see table 1). Of these 12, all but 2 showed definite macroscopic and 
microscopic tuberculosis. The organs involved were usually the spleen, 
liver, omentum, retroperitoneal glands, and occasionally the diaphragm. 
The tissues examined for tubercle bacilli, no matter what organ was 
stained for the organism, always showed acid-fast rods. The remaining 
7 rats in this group were sacrificed at intervals shown in table 1; three 
of these showed definite macroscopic and microscopic lesions of the 
abdominal organs, particularly of the spleen, liver and omentum; two 
were macroscopically negative, but they showed, microscopically, exten- 
sive caseation of the retroperitoneal glands and tubercle-formation; the 
remaining two were found to be negative both macroscopically and 
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TABLE 1 
Bilateral adrenalectomy: B1 series: 19 animals 
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microscopically. Figures 1, 2, 3 and 5 exemplify the type of lesions 
encountered in these animals. Figure 4 pictures the acid-fast rods found 
in the tubercle shown in figure 3. 

It was thought unnecessary to include controls in this experiment since 
all previous efforts to infect normal or avitaminic rats with this organism 
had been unsuccessful. 
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Of the whole group of 19 adrenalectomized animals inoculated with 
bovine tubercle bacilli, 15 (79 per cent) showed definite evidences of 
tuberculosis in the abdominal organs. As regards the lungs, most of the 
animals showed tubercle-like structures in several lobes, but microscopic 
study failed to reveal anatomical tubercles. 

We next determined to study the effect of the human tubercle bacillus 
on the adrenalectomized rat. Eighteen adrenalectomized rats that 
survived in good condition were inoculated on the 5th day after opera- 
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tion. Thirteen of the 18 died, and the remaining 5 were killed at time 
intervals varying from 4 to 65 days. The abdominal organs of all 18 
rats were negative macroscopically and microscopically for tubercles, 
although acid-fast organisms could be demonstrated in all the tissues 
examined. This experiment was controlled with 18 normal rats inocu- 
lated in the same manner, and with the same dose. None of the latter 
group showed any evidence of tuberculous lesions. 

In a last series 4 normal rats were inoculated intraperitoneally with 
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enormous doses of human tubercle bacilli, the first rat receiving 25 mgm., 
the second 50 mgm., the third 75 mgm., and the fourth 100 mgm. All 
four were killed 90 days after inoculation. None of the four rats showed 
any tubercles upon microscopic examination, although there was casea- 
tion of one of the retroperitoneal lymph nodes in the two animals which 
had received the largest doses. The organs swarmed with acid-fast 
rods. 

It appears, therefore, that bilateral suprarenalectomy lowers the re- 
sistance of the albino rat to infection with the avian and bovine tubercle 
bacillus, but is not capable of changing the resistance of the animal to 
infection with the human tubercle bacillus. 


THE EFFECT OF THYROID-PARATHYROIDECTOMY IN EXPERIMENTAL 
TUBERCULOSIS IN THE RAT 


Because of our inability to produce disease with the human strain, 
we extended the work to the study of the possible protection conferred 
by the thyroid gland against infection with the tubercle bacillus. For 
many years Marine (33) has been teaching that hyperthyroidism is not 
a primary disease of the thyroid, but is an endocrine disturbance due 
particularly to hypofunction of the adrenal cortex. The reason for the 
enlargement and hyperfunction is obvious, since we know that the 
adrenal cortex under normal conditions acts antagonistically on the 
thyroid. One can readily see, therefore, that, when the adrenal cortex 
for any reason is deprived of the antagonistic properties, the thyroid 
gland will undergo hyperfunction. 

Clinical and experimental evidence make one believe that the thyroid 
plays an important rdle in resistance to tuberculous infection in man as 
well as in animals. It has been observed that in many early cases of 
pulmonary tuberculosis there are symptoms of hyperthyroidism (Fish- 
berg (34)). In fact, incipient tuberculosis in the human being is often 
confused with this disease. These symptoms of hyperthyroidism may be 
explained as a protective mechanism on the part of the thyroid, which 
undergoes hypertrophy with hyperfunction during the acute stage of 
tuberculosis. In contrast to this, cretins and myxoedematous indivi- 
duals are highly susceptible to acute infectious diseases, and die usually 
between the ages of 30 and 40 of pulmonary diseases, such as pneumonia 
and tuberculosis. It has also been noted that when tuberculosis and 
hyperthyroidism coexist, the tuberculous disease has a tendency to heal. 
The following references to the literature will serve to uphold our con- 
tentions. 


if 
3 
a 


62 M. MAXIM STEINBACH 


Giraud (35) and Roger and Garnier (36) found that in the acute stage 
of tuberculosis there is hypersecretion of the thyroid, and that in the 
chronic stage the activity of the thyroid is diminished. Cole and 
Womack (37) observed that dogs which succumbed to experimental 
pneumonia or peritonitis had a diminished iodine content of the blood 
and showed destruction of the acinose cells of the thyroid. Frugoni 
and Grisconi (38) reported that the administration of small doses of 
thyroid extract increases the resistance of rabbits to tuberculosis. 
Marbé (39) (40) and Stepanoff (41) showed that the opsonic index 
of rabbits inoculated with tubercle bacilli and receiving thyroid ex- 
tract was much greater than the opsonic index of the control animals. 
Moreover, Bernard (42), in a carefully controlled study of thyroidec- 
tomized rabbits which were injected intravenously with 1 to 2 mgm. of 
bovine tubercle bacilli, found that 7 of the 8 thyroidectomized animals 
died much sooner than the controls. In a second experiment 2 rabbits 
were thyroidectomized and infected with human bacilli, and 2 were used 
as normal controls. Again the operated animals died much sooner 
than the controls. 


Infection with Human Tubercle Bacilli 


One hundred albino rats, their ages ranging from 6 weeks to 6 months, 
were thyroid-parathyroidectomized. Since it is impossible to remove 
the thyroid without the parathyroid in this rodent, the operation had to 
be performed in this radical manner. Seventy of the rats died within 
5 days. The remaining 30, which survived for periods of from 7 to 95 
days, were used for the experiment (table 2). The excised thyroid and 
parathyroid tissues of every animal embodied in our study were examined 
to see whether or not the glands were removed in toto. In addition, 
the entire trachea was removed at autopsy and subjected to micro- 
scopic study to see if the thyroid and the parathyroid tissue had sub- 
sequently regenerated. 

Twenty-seven of the animals were inoculated 24 hours postoperatively 
with 1 mgm. human tubercle bacilli. In order to determine whether 
possible regeneration of the thyroid tissue might be a factor in the de- 
fense of the animal, one rat was infected 3 days, and 2 not until 26 days 
after the operation. The latter two developed tuberculosis, while the 
animal inoculated the third day postoperatively was negative. Of 
the 30 animals studied, 23 (76 per cent) showed macroscopic miliary 
tuberculosis, mainly of the spleen, liver, omentum and diaphragm, while 
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Thyroid-parathyroidectomy: H37 series: 
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+ | GI. Gl. Gl. Cas. Tub. 
Liv. + | Gl. Sp. Liv. 
Liv. Per.Om. | + | Liv. Sp. 
Lung. Liv. | + | Sp. Gl. Liv. | Ex. Tub. Cas. 
Om. Per. Gi. 
Sp. Gl. 
Liv. Dia. + | Om. Gl. Gl. 
Liv. + | Sp. Sp. 
Liv 
Per. Sp. Liv. + | Om. Sem. Ves. | Sem. | Sem. Ves. Cas. 
Sem. Ves. Ves Om. Cas. Tub. 
Liv. + | Dia. Gl. 
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Fic. 6. HUMAN TUBERCLE Rat X5; OMENTUM 
3 
SHOWING CONGLOMERATE CASEATING TUBERCLES; Low POWER 


¥ 


Fic. 7. Rat X5. MoprrRATE HicH-PoOwER. SAME SECTION OF OMENTUM AS SEEN IN Fic. 
6. THE ENTIRE FIELD IS STUDDED WITH ALL TYPES OF TUBERCLES. ENCIRCLED 
TUBERCLE Has A GIANT CELL FORMED OF POLYMORPHONUCLEAR LEUCOCYTES. 
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on microscopic study 24 animals (80 per cent) were positive. Caseation 
was noted in 11 (36 per cent). In all the 30 animals examined, tubercle 


bacilli were found in one or more sections (see table 2). It is of great 
interest to note that only one of these 30 rats showed macroscopic 
tubercle-like structures in the lung, and even this one was negative 
microscopically. The tubercles in the rats’ tissues were typical. The 
giant cells were most commonly formed by polymorphonuclear leuco- 


cytes. Others were either of the foreign body or Langhans type. The 


Fic. 8. ENCIRCLED TUBERCLE OF FIG. 7 UNDER HIGH POWER 


tubercles were either single or conglomerate. Some of the tubercles 
were undergoing fibrosis, while others were caseating. Rat X5 is typical 
of the group studied. This animal died 19 days after inoculation, and 
the drawings (figures 6 to 11) exemplify the nature of the tuberculosis 
encountered. 

In order to control the effect of parathyroidectomy, these glands were 
removed in 15 rats, but care was taken not to injure the thyroid. Twelve 
of these animals were injected with human tubercle bacilli 24 hours 


i 
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postoperatively, and one on the third day and two on the twenty-sixth 
day postoperatively. All animals were bled from the heart 24 hours 
after the operation to determine the calcium content of the serum. We 
tried to obtain 2 cc. of blood from each animal. If the amount obtained 
was insufficient the blood of two animals was pooled. If the calcium 
content of the pooled blood was high, both animals were discarded from 
the experiment. This gave us an excellent idea as to whether or not the 


Fic. 9. ANOTHER TUBERCLE OF SAME SECTION AS Fic. 7; OMENTUM, SHOWING LANGHANS 
Type OF GIANT CELL 


parathyroids had been removed. The discarded animals were then re- 
placed by other parathyroidectomized rats. The excised parathyroid 
tissue was studied histologically. In addition, any animal which upon 
autopsy showed a remainder of parathyroid tissue was omitted from our 
series. In this way only animals showing marked hypocalcaemia and 
completely removed parathyroids were retained. To prevent tetany, 
the operated animals were fed on Dryco (dried milk) or fresh milk imme- 
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diately after the bleeding. Even with this high calcium diet, some of the 
rats showed marked tetanic contractions. Another group of controls, 
consisting of 15 rats, was subjected to blank operation; that is, the tissues 
in the neck were dissected down to the thyroid gland, the gland was 
picked up with forceps but not removed, and the overlying tissues were 
then closed with sutures in the same manner as was done in all other 


Fic. 10. TuBERCLE BACILLI IN TUBERCLE OF Fic. 9 


operated animals. Injection was carried out at the same time intervals 
as in the parathyroidectomized animals. 

Since all 30 controls were negative for tubercles macroscopically and 
microscopically, with the exception of one of the blank-operated animals 
which had tubercle-like structures in the liver macroscopically but showed 
no tubercles on microscopic study, it seems unnecessary to go over these 
animals in detail. As previously noted, tubercle bacilli were found in 
tissue sections in every instance. 
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We may therefore conclude from our experiment that thyroid-para- 
thyroidectomy lowers the resistance of the albino rat to infection with 
the human tubercle bacillus to such an extent that fully 80 per cent of the 
animals develop tuberculosis. Control animals (parathyroidectomized 
and blank-operated rats) showed no tuberculosis. 


Fic. 11. Liver; CONGLOMERATE TUBERCLES; Low Power. SAME ANIMAL AS Fic. 7. 


Infection with Bovine Tubercle Bacilli 


Our next problem was to investigate the susceptibility of thyroid- 
parathyroidectomized animals to the bovine tubercle bacillus. The 
procedure was exactly the same as in the experiment with the human 
strain. Twelve albino rats were thyroid-parathyroidectomized and 
inoculated with 1 mgm. bovine tubercle bacilli. All animals were in- 
jected 24 hours after operation. As presented in detail in table 3, ten 
of the 12 animals (83 per cent) showed macroscopic tuberculosis, while in 
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TABLE 3 
Thyroid-parathyroidectomy: B1 series: 


12 animals 


g PATHOLOGICAL FINDINGS | 5 
B32} 10 | — _ | Liv. 
B28 | 14 | + | Liv. Om. + | Om. Om 
B34} 19 | + | Om. Per. Dia. | + | Om. Sp. Dia. Dia Cas. Gl. Cas. 
Liv. Sp. Om. Tub. 
Bl 22 | + | Liv. Sp. Dia. | + | Sp. Gl. Dia. Om. | Gl. Cas. Nodes Sp. 
Lung Om. Mes. | Gl. Dia. 
B2 26 | + | Liv. + | Om. Liv. | Liv. Sp. Necrotic Tub. 
B24 | 28 | + | Sp. Liv. Om. + | Sp. Om. | Om. Cas. Tub. Om. 
Sp. 
B20 | 30 | + | Liv. + | Liv. Lymph Lymp | Cas. Tub. Lymph 
Node | Node} Node 
B3 | 32 | + | Liv.Sp.Lungs | + | Liv. Om. Dia. Sp. Gl. Liv. Cas. Tub. 
Om. Dia. | | 
B19 | 35 | + | Per. Liv. Sp. + | Sp. Om. Gl. | Om. | 
B16 | 40 | — + | Om. | Sp. | 
B4 | 40 | + | Liv. Dia. + | Liv. | Gl. | Cas. Tub. Liv. 
e B10 | 45 | + | Om. + | Om. Gl. | Sp. | Cas. Tub. of Om. 
| | | and Gl. 
i Controls: Parathyroidectomy, bled from heart, 12 animals 
N3 | 10 | — _ Liv. | 
i N2 | 14 | + | Liv. Sp. Om. - Om. 
3 N8& 19 | + | Liv. Dia. + | Om. Liv. Dia. Om. Necrotic Tub. 
Liv. Dia. 
N1i2| 22 | + | Dia. Om. _ Gl. 
N11} 26 | Liv. 
N10; 28 | — Gl. 
N9 30 | + | GI. + | Gl. Om. Dia. Gl. Glands Ex. Cas. 
N7 | 32 | Gl. 
N6 35 | + | Om. + | Om. Mes. Gl. 
N5 | 40 | Om. 
N4 | 45 | — = Sp. 
N1 62 | — + | Om. Liv. 
Controls: Parathyroidectomy, 12 animals 
i sis | 10 | — + | Om. Liv. Om. | 
si4 | 14 | — | Node | 
S12 | 19 | — Liv. 
3 S11 | 22 | — + | Om Om. Necrotic and Fi- 
brotic Om. Tub. 
S10 | 26 | + | GI. + | GI. Gl. Cas. Gl. 


Liv. Dia. 


i 
ss | 30 | — Dia. 
SS | 35 | ~ Li. 
S1 = | Gl. 
Si6 | 40 | — | | | Om. 
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TABLE 3—Concluded 


Zz 
PATHOLOGICAL FINDINGS 
E 
aa | 3 | 3 
= | = 5 
Controls: Blank operation, 12 animals 
Fi0 | 10 | — | Gl. 
F9 14 | + | Sp. Liv. + | Om. Gl 
F1 19 | — Sp. 
F2 22 | — | Liv. 
F3 26 | + | Liv. Sp. — Liv. 
F4 28 | — — Liv. 
F5 30 | + | Sp. Liv. Om. - | Sp. 
F6 32 | — = Sp. 
F7 | 35 | | | Liv. 
F8 | 40 | — — | Liv. 
F12 | 62 | + | Liv. Om. Dia. — Om 


All animals infected one day postoperatively. 
All animals etherized. 


11 (91 per cent) there was proof of microscopic lesions. Tubercles were 
found mainly in the abdominal organs,—liver, spleen, omentum, dia- 
phragm and retroperitoneal glands. The lungs were free from tuber- 
culosis. Caseation and caseating tubercles were encountered in 7 of the 
12 rats (58 per cent). In every case tubercle bacilli were found in tissue 
sections. The lesions here were more extensive than those seen in the 
thyroid-parathyroidectomized animals inoculated with human bacilli; 
otherwise the histopathology was the same. Floating tubercle-like 
structures were seen in the peritoneal cavity; in the gross they resembled 
tubercles, but microscopic study revealed them to be microbial collections 
such as grow on artificial media. These colonies we found mainly when 
using the bovine or avian bacilli, and but rarely with the human strain. 

Our experiment was controlled by 3 groups of animals. The first group 
comprised 12 parathyroidectomized rats (see table 3), which were in- 
jected intraperitoneally 24 hours after operation with the same dose of 
bovine bacilli. The same precautions as described before were used to 
ensure the success of the operation. The animals were autopsied from 
10 to 62 days after inoculation. Macroscopically, 5 of the 12 animals 
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(42 per cent) showed tubercle-like structures in the abdominal organs, 
but microscopically only 4 of the 12 (33 per cent) proved to be tuber- 
culous. Tissues stained for tubercle bacilli showed the organisms in 
every case. 

In order to determine whether or not bleeding from the heart had any 
effect on the production of tuberculosis in the parathyroidectomized 
animals, we ran another control series of 12 rats which were parathy- 
roidectomized but not bled (see table 3). They were killed at intervals 
of from 10 to 45 days. Macroscopically 2 of the 12 (17 per cent) were 
positive. Microscopically 3 (25 per cent) proved to have tubercles. 
Tubercle bacilli were found in tissue sections in every case. 

Our third group of controls consisted of 12 blank-operated rats. These 
were killed in from 10 to 62 days (see table 3). We found that 4 of the 
12 (33 per cent) were positive macroscopically for tubercle-like structures, 
but microscopically only 1 of the 12 (9 per cent) showed characteristic 
lesions. 

We see, therefore, that the albino rat becomes highly susceptible to 
infection with the bovine tubercle bacillus following thyroid-parathy- 
roidectomy. Parathyroidectomy lowers the resistance of some of the 
animals to the bovine bacillus. It must be kept in mind, however, that 
with the excision of the parathyroid it is almost impossible to avoid some 
injury to the thyroid tissue. On the other hand, a normal animal may 
be experimentally infected with the bovine tubercle bacillus only on rare 
occasions. In our first control experiment, 1 of 12 normal rats showed 
tubercles in the spleen, liver and omentum; while in another control 
experiment, only 1 of 24, as previously mentioned, presented a solitary 
tubercle of the omentum. 


PSEUDOTUBERCULOSIS 


The fact that the albino rat is very susceptible to pseudotuberculosis 
of the lung makes this rodent more or less undesirable for the study of 
experimental tuberculosis, unless adequate precautions are taken to : 
check the lesions histologically. Smith, e¢ al. (43), have shown that 
normally the rat’s lung contains organisms such as B. actinoides, B. 
bronchisepticus, B. muris and a streptothrix and several yet undescribed 
bacteria, all of which are capable of producing spontaneous disease which 
closely simulates pulmonary tuberculosis. Most workers experimenting 
with tubercle bacilli in the albino rat found that, no matter by what 
route this organism was introduced, the lung was the only organ in- 
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volved. Since in most of our animals we found suspicious lesions which 
proved to be negative on microscopic study, we decided to investigate 
the frequency of pseudotuberculosis in the adult albino rat. Twenty- 
one normal rats, about two years old, were etherized and autopsied. 
Every one showed tubercle-like structures in the lung indistinguishable to 
the naked eye from true tubercles. The microscopic sections, however, 
revealed a chronic inflammatory process and in some instances evidence 
of caseation, but never true tubercles. In figure 12 five drawings are 
shown which are typical of this disease. 


SUMMARY 


We have studied experimental infection with the various types of 
tubercle bacilli, avian, bovine and human, in the albino rat. Since it 
has been amply demonstrated that this rodent is normally extremely 
refractory to tuberculous infection, especially with the mammalian 
strains, we have attempted to lower the animal’s resistance by (1) avi- 
taminosis, (2) adrenalectomy and (3) thyroidectomy. 

In the first experiment on avitaminosis 36 rats were divided into three 
equal groups, each group being further subdivided into two equal series. 
One series was kept on an avitaminic diet, and the other series on a normal 
diet. The first group was infected with avian, the second with bovine, 
and the third with human tubercle bacilli, respectively. Five of the 6 
rats (83 per cent) on the avitaminic diet and inoculated with the avian 
bacilli developed macroscopic and microscopic tuberculosis. Three of the 
6 controls (50 per cent) showed similar pathological changes. The dis- 
ease was confined mainly to the diaphragm, liver, spleen, omentum, 
peritoneum, and retroperitoneal lymph nodes. All rats on either a 
normal or vitamine-deficient diet and inoculated with the mammalian 
tubercle bacilli proved to be free from tuberculosis macroscopically and 
microscopically. 

Of the 34 animals of varying ages inoculated with the bovine organism 
only one of the entire series showed a solitary tubercle in the omentum. 
All the others were negative. 

Bilateral adrenalectomy followed by injection with the avian organism 
resulted in the infection of all (100 per cent) of the 5 albino rats. Of the 
19 bilaterally suprarenalectomized rats injected with the bovine tubercle 
bacillus, 13 (68 per cent) were positive macroscopically, and 15 (79 
per cent) developed microscopic tuberculosis, mainly of the abdominal 
organs. Eighteen bilaterally adrenalectomized rats and an equal number 
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of controls, injected with the human tubercle bacillus, proved to be 
negative, macroscopically and microscopically, for tuberculosis. 

Of the 12 albino rats which were thyroid-parathyroidectomized and 
subsequently inoculated with the bovine organism, 10 (83 per cent) 
showed macroscopic lesions, and 11 (91 per cent) were microscopically 
positive for tuberculosis. Three groups of controls, 12 in each series, 
were used. The first group was parathyroidectomized, bled from the 
heart for calcium determinations, and subsequently injected with bovine 
tubercle bacilli. Of these, 5 (42 per cent) were positive macroscopically, 
and 4 (33 per cent) developed microscopic tuberculosis. In the second 
group, consisting of 12 parathyroidectomized rats not bled from the 
heart, 2 (17 per cent) showed macroscopic lesions, and 3 (25 per cent) 
were microscopically positive for tuberculosis. In the third group, 
consisting of 12 rats upon which blank-operations were performed, 4 
(33 per cent) were positive macroscopically, but only 1 (9 per cent) de- 
veloped typical microscopic tuberculosis of the abdominal organs. 

Of the 30 thyroid-parathyroidectomized albino rats that were in- 
jected with the human tubercle bacillus, 23 (76 per cent) were macro- 
scopically positive. Microscopically, 24 (80 per cent) showed evidence 
of tuberculosis. All the 30 controls, parathyroidectomized and blank- 
operated rats, were negative for tuberculosis. 

All of the 244 rats reported in the experiments showed tubercle 
bacilli either in tissue smears or in sections. 

Of the 21 uninoculated adult rats kept on normal diet and studied for 
pseudotuberculosis, 100 per cent showed macroscopic tubercle-like struc- 
tures in the lung, with some caseation, but microscopically they were all 
negative for tuberculosis. 


CONCLUSIONS 


1. The normal rat is highly refractory to infection with the human and 
bovine tubercle bacilli. Age is not a factor in thisimmunity. Following 
intraperitoneal injection with large doses the normal rat is but slightly 
susceptible to the avian bacillus. 

2. Avitaminosis decreases the resistance of the albino rat to the avian 
tubercle bacillus, but not to the mammalian types. 

3. Adrenalectomy decreases the resistance of the rat to both avian and 
bovine tubercle bacilli, but does not affect the animal’s resistance to 
infection with bacilli of the human type. 
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4, Parathyroidectomy is a factor in lowering the resistance to infec- 
tion with the bovine but not with the human strain. 

5. Thyroid-parathyroidectomy renders the rat susceptible to infection 
with the human as well as with the bovine type of tubercle bacilli. 

6. Macroscopic and microscopic tuberculosis in the rat does not differ 
from that seen in other experimental animals, or in man. 

7. Care must be taken to rule out pseudotuberculosis, which is of 
frequent occurrence in the normal adult rat. It. can be readily differen- 
tiated histologically from true tuberculosis. 


The author wishes to express his thanks to Professor C. B. Coulter of this department for 
his aid in the pathological studies, to Dr. M. M. Hoskins of the New York University Dental 
School and to Dr. J. Marmorston-Gottesman of the Montefiore Hospital for their advice on 
technique of thyroidectomy and adrenalectomy, to J. Gross of the Department of Pathology 
for the blood-chemistry determinations, and to B. H. Kaufman, M.A., for invaluable technical 
assistance and help in preparation of the paper. 
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FLUTTERING OF THE ABDOMINAL VISCERA AS A COM- 
PLICATION FOLLOWING LEFT-SIDED PHRENI- 
COEXAIRESIS! 


G. E. EHRENBURG 


Disturbances of the gastrointestinal tract following left phrenicoexaire- 
sis are quite common. Ballen, Wilson, Singer and Graham (1) found in 
five of 27 operated cases complaints of eructation of gas, heartburn, vom- 
iting and dysphagia. In one case they observed similar symptoms after 
right-sided phrenicoexairesis. 

Cooper (2), out of a series of 31 patients on whom left-sided phreni- 
coexairesis was performed, reports in 7 cases excessive gaseous distention 
of the stomach, lasting for a few weeks; while in five others there was 
rather marked gastric pain referable to the epigastrium, regurgitation of 
food after meals, occasionally attacks of nausea, and actual vomiting. 

Mandel and Schwarzmann (3), in a series of 100 cases of phrenicoexai- 
resis, observed that almost all those on whom the operation was per- 
formed on the left side suffered from loss of appetite, a feeling of fulness 
in the epigastrium, and vomiting directly after the operation. 

Hecht (4) noted that a great number of his patients on whom left-sided 
phrenicoexairesis was performed complained of indigestion. After right- 
sided similar operation he experienced such complaints in one case only. 

In 42 of our series of 100 cases the operation was performed on the right 
side and in 58 on the left. Of the 42 right-sided cases slight manifesta- 
tions of indigestion following the operation occurred only in two cases; 

of the 58 left-sided cases, symptoms referable to the gastrointestinal tract 
occurred in eighteen (29 per cent). In five of these the symptoms were 
slight, in five moderate, and in eight very annoying. 

In none of our cases were the symptoms so severe as to interfere with 
recovery after the operation, a fact which is in accord with reports by 
other authors. The symptoms appeared shortly after the operation and 
lasted from several months to periods of two or three years. 

No satisfactory explanation of this disturbance after phrenicoexairesis 
could be found in the literature. I have therefore considered it worth 
while to make a study of this complication. 


1 From the Sanatorium of the Jewish Consumptive Relief Society, Spivak, Colorado. 
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Our patients complained of very annoying gaseous belching, regurgi- 
tation of food, nausea, gas-pain, flatulence, and a feeling of fulness in 
the epigastrium. One patient felt for a long time something moving up 
and down in his left epigastrium; this sensation was so annoying that he 
could not sleep at night. On one occasion vomiting was noticed im- 
mediately after the operation, and lasted exactly two days. Regurgita- 
tion was quite a frequent phenomenon. Appetite was never impaired. 

Physical examination revealed considerable distention of the colon 
and sensitiveness in the epigastrium. 

Nothing definite could be ascertained from examination of the stomach 
contents. 

Most of the cases which presented gastrointestinal symptoms after the 
operation, and also a few symptom-free cases, were X-rayed and fluoro- 
scoped after administration of a barium meal and in some cases also of a 
barium enema. In a few cases X-ra\y examination was performed before 
and after the operation. 

We followed up the progress of the barium meal in all instances on 
inspiration and expiration, one picture being taken immediately after 
the other. All films were taken in the horizontal posture with the Bucky 
diaphragm. Patients were X-rayed immediately after the barium meal, 
and again one or two hours later. 

Normally the inspiratory and expiratory films show very little differ- 
ence. Both leaves of the diaphragm ascend and descend simultaneously. 
The intraibdominal pressure remains equal throughout the abdomen; 
and the abdominal viscera float in the abdominal cavity, going slightly 
up and down with each inspiration and expiration. No change in the 
relative location of any organ can be noted. 

When the left diaphragm happens to be paralyzed, the right diaphragm 
moves down during the inspiratory phase, while the left diaphragm 
mechanically ascends (the so called paradoxical movement). This 
creates more pressure and less space in the right half of the abdominal 
cavity than on the left. During expiration the right leaf ascends and 
the left descends mechanically; the latter, however, remains considerably 
higher than normally. Therefore the left abdominal cavity still pro- 
vides more space for the abdominal viscera than normally, and there is 
also a slightly decreased intraibdominal pressure in this region. 

This well-known fact is mentioned by other writers on this question, 
and similar X-ray work is reported in the literature. 

Dislocation of the stomach, of the subdiaphragmatic part of the oesoph- 
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agus, and of the descending colon is reported after left-sided phrenico- 
avulsion, and in eventration or insufficiency of the diaphragm. But not 
enough attention has been paid to changes and differences in intraibdom- 
inal pressure in the inspiratory and expiratory phases. 

It has been my endeavor to investigate this problem and I was re- 
warded by very interesting findings. 

On X-ray examination immediately after the barium meal the stomach 
of an operated case appears distended by the food and dislocated to the 
left. Fluoroscopic observation demonstrates the very well-known fact 
that this viscus, which is suspended freely on the oesophagus and the 
duodenal cup, is very movable. On slight palpation it moves upward, 
to the right, and to the left, but always more to the left. Even in the 
normal condition, when this organ is distended by food the greater cur- 
vature is elevated and carried forward, the anterior surface is turned 
upward and the posterior downward, and the whole organ is brought 
forward against the anterior wall of the abdomen. 

After the left diaphragm becomes paralyzed the pars cardiaca ascends, 
following the diaphragm, and one has the impression that it is aspirated 
snugly into the diaphragmatic leaf, in some cases to such a degree that 
even a part of the fundus is adjacent to the diaphragm. The cardia is 
now turned downward. The pylorus is displaced to the left and ante- 
riorly. The duodenal bulb, normally corresponding to the right distal 
part of the first lumbar spine or quite often lying beyond the right side 
of this anatomical landmark, is now seen one or two inches to the left. 

During the inspiratory phase this displacement is considerably more 
pronounced. The stomach goes up considerably higher (one or one and a 
half inches); the pylorus is located more to the left of the spine (one or 
one and a half inches); the same is true of the duodenal bulb. The dis- 
location of the pylorus and duodenal bulb may be estimated at about 2 
inches; this was particularly evident in those cases in which we exposed 
films before and after the operation. With the next expiration the 
stomach and duodenum move back: they thus swing each time 1.5 or 2 
inches to the left on inspiration and the same distance back to the right 
on expiration (figures 1, 2, 3). 

Normally the descending part of the duodenum, if visualized, forms a 
very acute angle with the bulb and points backward, corresponding with 
its anatomical relations (figure 1). On our films of the operated cases, 
especially those taken one to two hours after administration of the barium 
meal, the bulb, the pars horizontalis, and a part of the descending duode- 


Fic. 1 Fic. la 


Fic. 2 Fic. 3 
Case 1 


Fics. 1 (expiration) & 1a (inspiration). Taken one day before operation. Stomach 
shows normal location and tonus. The bulb and pars descendens form an acute angle. 

Fics. 2 (expiration) &3 (inspiration). The same patient three days after operation. Stom- 
ach and duodenum displaced to the left. Bulb and part of descending duodenum stretched 
and elongated. The angle can not be seen. 
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num do not form an angle, but appear as an arch, approximating to a 
straight line, located to the left of the spine (figures 4, 5). Apparently 
more than a dislocation of the duodenum occurred: the whole appearance 
of this organ was changed; such a picture cannot have been seen either in 
normal films or in the films taken before the operation. 

The duodenum is described normally as a ring embracing the pan- 
creas, firmly but unequally fixed. With a distended stomach it is placed 
nearly anteroposteriorly; its distal end is stationary and is fixed quite 
firmly by the muscle and ligament of Treitz. Its proximal and anterior 
end is quite loosely held by the hepaticoduodenal ligament. The fixation 
of other parts of the duodenum is assured in part by the vascular system 
and in part by fibronervous layers, and this has to be considered also as a 
loose fixation (figure 10). 

With such a fixation of the duodenum, the distal part being most 
firmly fixed and the other parts being loosely fixed, we must expect a 
displacement of the duodenum not i foto as a ring, but as to a part only, 
and that the upper part, the lower part remaining fixed in the normal 
position. Since only the upper part of the ring will be displaced upward 
and to the left it must appear now not as an angle but elongated and dis- 
tended. This distention and the partial displacement, swinging to the 
left and to the right, are no doubt accompanied by irritation of the organ 
and especially of its nervous and muscular apparatus. 

Another phenomenon, reported also by other authors, is the large 
air-bubble seen in the stomach. With the patient in an erect position, 
the cardia is distended to the limit by air, and bulges out above the 
narrow fundus. This is analogous to a glass of mush to which a balloon 
is attached, the glass being placed vertically. If the glass be tipped over, 
the viscous mush will have a tendency to spread out horizontally and to 
creep into the balloon. Similarly, when the patient is placed in a hori- 
zontal position, a tongue-shaped projection of the barium mass is ob- 
served in the cardia (figure 7). 

The air in the cardia is evidently under high pressure. On the slightest 
palpation and compression of the stomach the patient belches very easily, 
releasing appreciable amounts of air. After a short while the air accumu- 
lates again. 

During the fluoroscopic examination and on the radiographs the stom- 
ach shows a very high tonus, deep peristaltic waves and a very high 
motility. The barium appears immediately in the jejunum and upper 
ileum. The high tonus of the stomach can be better seen after two hours, 
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when a great amount of food leaves the stomach. In some instances a 
two-hour interval was too long, because the stomach was empty. We 
took therefore the second picture after one to one and a half hours. 
This high tonicity was remarkable in one case of far-advanced tubercu- 
losis upon which gastrointestinal series had been taken a year before the 
operation. At this time the X-ray films proved that the tonus and the 
motility of the stomach were quite low (nine-hour residue). In contrast 
with this, the postoperative films show a high tonus and rapid emptying 
(figures 6 and 6a). The same observation was made on other patients. 

The air-bubble on the two-hour films is as large as on the immediate 
films. Because of the lesser weight of the slightly filled stomach (after 
barium was eliminated) its displacement to the left is more evident. 
The organ now appears collapsed, with a little barium in the antrum and 
streaks of barium in the folds higher up. The contracted pylorus, the 
pars horizonialis, and some of the descending duodenum appear almost as 
a straight line (two inches long). On inspiration this line is located to 
the left of the spine and on the left part of the first lumbar vertebra, 
while on expiration it moves back to the right. The other parts of the 
duodenum are mostly not visible. As previously mentioned, food enters 
the jejunum almost immediately, and on the inspiratory films a loop of 
the jejunum of feathery appearance can be seen above the smaller cur- 
vature of the stomach; while the continuation of the small intestines 
(jejunum, ileum) can be seen below the greater curvature and to the 
left, probably because of displacement of the stomach and suction upon 
the loops of small intestine (figure 3). 

The high tonus and even spasticity of the stomach and duodenum 
could on one occasion be followed downward as far as the middle ileum 
(to the right of vertebral column), where one loop of the ileum was very 
spastic and contracted, but the loop immediately above was distended 
by barium (figures 8 and 9). The air-content of the small intestines, 
normally very limited, is higher in some of our films. The motility of 
the lower ileum is normal, showing complete emptying in four to six 
hours. The colon, in all the pictures in which it is visualized, is distended 
by gas. The descending colon stands up high below the diaphragm 
showing a large air-bubble. Examination with a barium enema shows 
that the splenic flexure produces slight pressure on the great curvature, 
forming an indentation. This pressure and indentation however can 
be seen very often in cases of meteorism and we do not believe that it is 
of any special importance. 
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Fic. 6 Fic. 6a 


Case 2 
Fic. 4. Two-hour film, inspiratory phase. Stomach displaced considerably to the left, 
shows a very high tonus and spasticity. Duodenum stretched, elongated and located to the 


left of the spine. Stomach emptied in three hours. 
Fic. 5. The same in expiration. The tonicity of the stomach is lower. Duodenum 


stretched and elongated and shows a swing to the right. 
Case 3 


Fic. 6. Taken a year before the phrenic operation. Six-hour film. Stomach atonic. 
Nine-hour film still showed a residue. 

Fic. 6a. Taken after operation. Two-hour film. Stomach shows high tonus. Marked 
change from atonic to hypertonic condition. Stomach and duodenum displaced to the left. 
Duodenum stretched and elongated. 
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Fic. 9 Fic. 10 
Case 4 


Fic. 7. A large air-bubble. Bulging cardia distended by gas; tongue-shaped projection 
of the barium in the cardia. Dislocation of the stomach and duodenum to the left. High 
tonicity of the stomach. 

Fics. 8 (expiration) & 9 (inspiration). From the same patient two hours later. The 
same large air-bubble. Stomach emptied considerably but shows still a high tonus. Duo- 
denum displaced to the left, upper part of it stretched and elongated; more displaced to the 
left on inspiration. A loop of the middle ileum to the right of the spine distended by barium 
(arrow); a loop immediately below very spastic. 

Fic. 10. Duodenum. Normal anatomical relations, 
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All our films are suggestive of another phenomenon: the tonus of the 
stomach and duodenum presents a great difference as between the in- 
spiratory and expiratory phases, being higher on inspiration, that is 
coincident with the greater displacement and irritation of the duodenum. 

Summing up: Our X-ray findings demonstrate that after left-sided 
phrenicoexairesis there occurs a displacement of the stomach and of a 
part of the duodenum upward and to the left. There is also a distention, 
stretching and swinging of the upper part of the duodenum to the left 
and to the right with each inspiratory and expiratory phase, respectively; 
that is to say, twenty to twenty-four times a minute. These phenomena 
are apparently accompanied by a constant irritation of the stomach and a 
considerably greater irritation of the duodenum. 

Alvarez (5) considers the first portion of the duodenum as a sort of 
hook, from which the distal end of the stomach hangs like a hammock. 
There are on record a number of cases in which the duodenum has 
actually been torn in two by strong sudden contractions of the abdominal 
muscles. It seems reasonable to suppose that not infrequently the duo- 
denum suffers from milder degrees of trauma, as in our operated cases, 
due to the swinging of this organ. 

From this constantly stimulated organ peristaltic waves apparently 
spread in both directions, creating thus.a condition of high tonicity, 
where previously a condition of low tonicity existed. 

This high tonus of the stomach and duodenum is evidently influenced 
also by the large air bubble. 

According to the opinion of the gastroenterologists (6), most of the 
motor activities of the stomach and bowels are brought about and regu- 
lated by internal pressure, due to the presence of food and gas in these 
hollow and muscular organs. 

We cannot explain whence this air bubble accumulates. It escapes 
very easily through the oesophagus upon belching; but it could not 
reaccumulate again exclusively through the oesophagus, as our patients 
did not swallow on the fluoroscopic examination, and kept their mouths 
closed. 

It is reported by some authors (7) that an increased angulation of the 
oesophagus (the part below the diaphragm) takes place after left-sided 
phrenicoexairesis; but this angulation would rather delay the flow from 
the oesophagus to the stomach, which is in full accord with the opinion 
of the above-mentioned authors. 

There must be other sources for the air accumulating in the cardia. 


& 

& 

4 


86 G. E. EHRENBURG 


We have mentioned that the air-content in the small intestines was 
higher than normally. This may be due to the fact that the rapidly 
emptying stomach eliminates inadequately prepared and inadequately 
sterile food into the small intestines; and such unprepared food is liable 
to undergo some fermentation, a process which usually takes place in the 
colon. Another possibility is increased absorption of air from the cir- 
culatory system, which may also be partly responsible for the great 
distention of the colon. 

We consider this problem of great interest, since our observations 
have convinced us that the air-bubble presents a special’ physiological 
problem. 

The high tonicity and constant irritation of the stomach and duodenum 
are apparently responsible for regurgitation, nausea and belching, since 
these phenomena are usually due to antiperistaltic waves. One of our 
patients, who felt that something was going up and down, apparently 
felt the peristalsis and antiperistalsis. 

An interesting fact is that vomiting occurs very seldom, and if it is 
present it lasts merely a day or two after the operation. The paralysis 
of the diaphragm is rather preventive to the act of vomiting. 

Merlini (8) proved that unilateral or bilateral division of the phrenic 
in dogs delayed considerably the onset of vomiting after administration 
of tartar emetic or apomorphine. 

Dysphagia was not observed in our cases. In the literature I found 
only two cases reported; they occurred late after the phrenicoexairesis, 
and were probably mere coincidences. 

The function of the colon was not impaired in our cases, except as to 
the considerable distention by gas. 

I believe the slight changes in the location of the oesophagus to be of 
no importance, which is in full accord with the reports of other authors. 

In diaphragmatic eventration or, better, in insufficiency of the left 
diaphragm, X-ray study shows a similar condition of suction and dis- 
placement of the intraibdominal viscera, including even the splenic 
flexure. But fluttering of the stomach and duodenum cannot be ex- 
pected there, since the displaced viscera are held tight in the chest cavity, 
a purely surgical condition. 

Lerche (9) discussed acquired insufficiency of the diaphragm, acute or 
chronic, following a lesion of the phrenic nerve and degenerative changes 
in the musculature of the diaphragm. Such changes are observed after 
influenza, pneumonia, typhoid fever, diphtheria, septicaemia, subphrenic 
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abscess, and other diseases. The same writer mentions Behrenroth’s 
case of influenza, followed by paralysis of the left diaphragm and by 
gastrointestinal symptoms, such as a sensation of fulness and discom- 
fort after eating. 

I admit that a similar condition may occur quite often in chronic 
tuberculosis. The process of fibrosis, thickening of the pleura, absorp- 
tion of pleural effusion, mediastinal pleuritis with involvement of the 
phrenic nerve, or diaphragmatic pleurisy may be responsible for a high 
position of the left leaf of the diaphragm with consequent change in 
intraibdominal pressure. This change in pressure may be in some in- 
stances responsible for the various manifestations of indigestion so fre- 
quently observed in chronic tuberculosis. 

Simultaneously with involvement of the phrenic in various morbid 
processes in chronic tuberculosis, some branches of the vagus may also 
be affected and irritated. This would lead to predominance of the 
parasympathetic and hence stimulate the tonus of the upper abdominal 
viscera. 

One of our patients suffered for years from urticaria. After left- 
sided phrenicoexairesis was performed, attacks of urticaria occurred more 
frequently, accompanied by abdominal cramps. Upon X-ray examina- 
tion we were able to observe a very spastic condition of the small intes- 
tines; and this, together with the high tonicity of his stomach and 
duodenum, may be adequately explained by predominance of the 
parasympathetic. 


SUMMARY AND CONCLUSIONS 


X-ray examination of cases in which left-sided phrenicoexairesis was 
performed revealed the following phenomena: 

1. Displacement of the stomach and duodenum to the left and 
upward. 

2. This displacement is considerably greater in inspiration than in 
expiration. 

3. The shape of the duodenum (normally, at X-ray examination, the 
bulb and pars descendens form a sharp angle) undergoes a considerable 
change and presents an arch approaching a straight line. 

4. By comparing the inspiratory and expiratory films a swinging of 
the pylorus and duodenum from right to left and back again can be 
recognized, the excursion being about two inches. 
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5. The stomach shows a large bubble of air which is belched up very 


easily and is replaced in a few seconds. 
6. High tonus of the stomach and duodenum is present. The 


stomach empties very rapidly, usually in two hours. 
7. The swinging of the duodenum causes a constant irritation of 
this viscus which is apparently chiefly responsible for the various man- 


ifestations of indigestion. 
8. These digestive disturbances do not interfere with recovery, 


though in some cases they are very annoying. 
9. Light meals at frequent intervals alleviate the symptoms. 
I regard “fluttering of the abdominal viscera” as the proper name for 


this complication. 
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MODERN CASE-FINDING IN TUBERCULOSIS 


D. S. BRACHMAN! 


In spite of the many and varied attempts heretofore to diagnose pul- 
monary tuberculosis in its early stages, the great majority of patients 
admitted to the sanatoria had moderately advanced or far-advanced 
involvement. Add to this the fact that the death-rate from this disease 
has been high in the adolescent ages, particularly in girls, the Tubercu- 
losis and Health Society of Detroit and Wayne County, Michigan, in 
conjunction with the Detroit Board of Health and the Detroit Board of 
Education, has been engaged in a special case-finding program in local 
high-schools. ‘This program consists of tuberculin-testing the students 
and X-raying the reactors. 

Three high-schools were chosen with a total enrollment of 5,672. As 
the students were minors, a consent slip was requested before the tuber- 
culin test (Pirquet) was given. The test was completed in 3,719, or 
66 per cent, of the total. Of this number 35 per cent gave positive 
reactions. In the whites there were 29 per cent positive among the males 
and 33 per cent in the females, while the colored gave 54 per cent positive 
in the males and 49 per cent in the females. The results for the various 
ages are given in table 1. 

Dividing the group according to age and sex, we found a tendency fora 
slightly higher percentage of tuberculin reactions in the males, with a 
progressive increase for the ages. In the females, however, the age-rise 
is a very slight one, though the average percentage of the total is prac- 
tically the same as in the males (table 2). 

Because of the excessively high death-rate from tuberculosis among the 
colored people in Detroit (7 times that of the whites), we purposely chose 
schools having a comparatively high percentage of colored enrollment. 
The results are particularly interesting in comparison with our findings in 
the younger age-group, 5-14 years, of the Russell Street Area, which 
showed but a slightly higher tuberculin rate in the colored than in the 
whites, 23 per cent in the former and 20 per cent in the latter. 


? Tuberculosis and Health Society of Detroit and Wayne County, Michigan. _ 
89 


( 


90 D. S. BRACHMAN 


Table 3, giving the positive tuberculin tests according to age and color, 
shows a markedly larger percentage of reactions in the colored in each of 


TABLE 1 
Tuberculin results according to age 


AGE 


wm 
co 
an 
oo 
> 


: 
Positives. 26 39 22 
oe, 104 382 742 671 357 125 19 


TABLE 2 
Positive tuberculin tests according to age and sex: M (male), F (female) 


Number tested...... 
Number positive. .... 


Per cent positive. . 


TABLE 3 
Positive tuberculin tests according to age and color: W (white), C (colored) 


AGE 


Number tested......... 
Number positive........ 


Per cent positive..... 


these higher ages, with a total of 32 per cent in the whites and 51 per 
cent in the colored, the latter however, with a comparatively small en- 
rollment (446). It appears that this higher age-group result, compared 
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with that of the grade-school ages, is possibly of definite significance with 
reference to the high mortality rate in colored adults. 


CHART 1. TUBERCULIN RESULTS IN MALEs (WHITE, —————; COLORED, ------------) 


CHART 2. PosITIVE TUBERCULIN RESULTS IN FEMALES (WHITE, —— 
COLORED, 


Analyzing the tuberculin results further, the males and females are 
charted separately according to color (charts 1 and 2), ages 14 to 19. 
There appears a definite tendency here for the whites to start with a 
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much lower percentage but to show a definite gradual rise to the higher 
level of the colored of both sexes. The outstanding point perhaps is the 
fact that the percentage in both sexes in the colored is almost twice that 


CHART 4. PosITIVE TUBERCULIN TESTS IN COLORED (MALE, 


in the whites, without the apparent progressive increase for the higher 
ages. 
Observing the white students with reference to sex, it is surprising how 
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similar the percentages are for the various ages (chart 3). In the colored, 
on the other hand, the curve is very erratic, but no doubt this is due to 
the comparatively smaller number tested and will probably straighten 
out as the scope of our observations increases. Here again, however, the 
markedly higher percentage of reactions in the colored is quite apparent 
(chart 4). 

A positive reaction to the tuberculin test is preliminary to the X-ray. 
The radiogram we feel is the most important step of the case-finding 
program but it definitely is not complete in itself. For the purpose of 
identification we shall designate our three high-schools as A, B and C, 
in their order of investigation, with a total of 1,629 X-rays. The fact 


TABLE 4 
Classification results in the 3 high-schools 


NUMBER 
SCHOOL TUBERCULIN ADULT TYPE CHILDHOOD TYPE SUSPECTS 
TESTED 


A 488 4 or 0.8 per cent | 23 or 4.7 per cent 8 or 1.6 per cent 
B 1,470 14 or 1.0 per cent | 70 or 5.0 percent | 26 or 1.8 per cent 
i 1,787 4 or 0.2 percent | 87 or 5.0 percent | 11 or 0.6 per cent 


TABLE 5 
Resulis according to sex and-color 


SUSPECTS 


ADULT CHILDHOOD 


13 
24 


64 
85 


5 
16 


2 
7 


12 
19 


that we can definitely classify our patients in a way understood by the 
general practitioners is a particularly important part of the case-finding 
program. The classification used and so thoroughly described by 
Chadwick (descriptive booklets are issued through local branches of the 
National Tuberculosis Association), from a needed practical point of 
view, is far superior to anything previously promulgated. Diagnosis is 
divided into adult type, childhood type and suspects. 

Our findings for the total in the three schools were 0.6 per cent adult- 
type tuberculosis, 4.9 per cent childhood-type and 1.0 per cent suspects. 
The racial distribution in these schools was Polish chiefly in A and B, 
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with 20 per cent colored in B, while the majority of pupils in C were 
Jewish, with 5.6 per cent colored. The childhood-type percentages in 
the three schools are practically similar, but in the adult type (by far 
the most important group) there is a marked contrast between the 
results in school B compared with the others. The three groups were 


TABLE 6 
Diagnosis according to sex and color 
(Two suspects and one childhood type, 1 white male and 2 colored females, developed into 
adult-type tuberculosis shortly afterward, making the white adult type 22, or 0.67 per cent, 
and the colored 3, or 0.7 per cent.) 


ADULT TYPE CHILDHOOD SUSPECTS 


5 or 0.3 per cent 76 or 4.0 per cent 15 or 0.8 per cent 
Male (1753) (0.34 per cent) 


17 or 0.8 per cent 104 or 5.0 per cent 31 or 1.5 per cent 
Female (2062) (0.9 per P P 


: 21 or 0.6 per cent 149 or 4.5 per cent 37 or 1.1 per cent 
White (3269) (0.67 per cent) 


1 or 0.2 per cent 31 or 7.0 per cent 9 or 2.0 per cent 


Colored (446) (0.7 per cent) 


TABLE 7 
School B: diagnosis according to home-rooms 


HOME ROOM | ADULT TYPE — SUSPECTS 


1 0 
1 3 
0 1 
7 9 


3 8 
2 5 


then divided according to sex and color and the results were rather sur- 
prising (tables 5 and 6). The percentages of the adult-type tuberculosis 
findings in the whites are markedly out of proportion, there being almost 
three times as much in the females as in the males. 

As shown in table 4, School B has the highest rate, 14 of the 22 adult- 
type cases. The findings in this group together with those of school C, 
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the largest number studied, were then divided into their various houses 
or home rooms, as they are often called. It is according to such a classi- 
fication chiefly that contact can be considered, for in all other groupings 
the contact is comparatively slight and particularly complicated, there 
being as many as 100 class-rooms in one of the schools studied. 


TABLE 8 
School C: diagnosis according to home-rooms 


CHILDHOOD 
HOME ROOM | ADULT TYPE TYPE 


TABLE 9 
School B: detailed findings of the adult type 


NUTRITION AND 


CLASSIFICATION DEVELOPMENT SYMPTOMS CONTACT 


IA favorable Poor — 
IA favorable Poor — 
IA favorable V. good — + (father) 
IIA favorable V. good + (1 year) 
ITA favorable V. good + (2 mos.) 
IIA favorable Poor — 
IIIB favorable | Fair + (2 mos.) 
IA favorable Fair -— 
IA favorable Poor — 

IA favorable Fair — 

IA favorable Good 

IA favorable Good — 

IA favorable V. good Sl. + (1 week) 
IA favorable Good _— 


CONTA WD 


There is a definitely outstanding feature in school B as shown in table 
7. House D has 7 adult-type patients, as well as a larger number of 
childhood type and suspects. Also, the number of adult type (7) is 
equal to the total found in the other 5 houses. In school C, on the other 
hand, the adult type is well distributed. One is thus strongly forced to 


| 
SUSPECTS 
A 0 9 2 
B 0 8 0 
D J 12 3 
E 2 12 0 
F 0 12 0 
H 0 6 2 
PATIENT 
10 
11 
12 
13 
14 
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suspect that one or more students in house D are infecting others. As 
the various adult-type patients are divided further, according to the 
degree of involvement, symptoms, signs, etc., it becomes apparent that 
such has been the case. 

A complete physical examination, including history or symptoms and 
contact, was given the students whose X-rays showed evidence of patho- 
logical changes. Table 9 gives the results of this examination in terms of 
general nutrition and development, symptoms, signs, contact history, and 
classification of disease. It will be seen from the data inthis table that 
general development was good or fair in all but four cases. Definite symp- 
toms of disease were found in only three, a fourth student having a “‘cold”’ 
for one week only. As to physical signs, in only two was the evidence of 
disease definitely apparent, while in two others there were slight signs 
ordinarily calling for further investigation. Another outstanding fact 
elicited was that only one of the 14 students had a contact history. This 
is of course unusual, and will probably be corrected to a higher proportion 
as more cases are studied. 

As to the classification of the disease, all were favorable; that is, favor- 
able for treatment,—collapse therapy if necessary. There were ten IA 
(minimal), three ITA (moderately advanced) and one IIIB (far advanced) 
cases. Patients 7 and 5 were both in house D of school B. Considering 
that both of these had definite symptoms and signs, which both claim to 
have been of only two months’ duration, it appears that case 7 at least 
was very instrumental in infecting others in that house, the stage of dis- 
ease being advanced. It appears, too, that there was probably active 
disease for quite a while before the patient was aware of any illness, 
for even at the time of X-ray, she was attending school regularly and 
active in the usual sports. 


SUMMARY AND CONCLUSIONS 


Modern tuberculosis case-finding calls for tuberculin-testing all children 
and adolescents and X-raying the reactors. 

When the X-ray shows evidence of pathological change or is suspicious, 
a complete physical examination is advisable, including history of symp- 
toms and contact. 

The diagnosis is made as adult-type tuberculosis, childhood-type, and 
suspect, the latter requiring a further X-ray in 4 to 6 months for a more 
definite classification. 

Adult type is the most serious and should be dealt with as the patholog- 
ical involvement and general findings require. 


MODERN CASE-FINDING 97 


Childhood type remains a potential adult type. Children having this 
type of disease should be X-rayed every 6 months until the age of 20 
years. 

We found that 0.6 per cent of the high-school students had adult-type 
tuberculosis, requiring active treatment and exclusion from school, and 
5 per cent had childhood type. 

The great majority of the students having disease were unaware of the 
fact for some time after its onset. 

Pupils in high-schools can become infected with tuberculosis without 
the source of contact being aware of having the disease. 

In the ordinary health program of investigating tuberculosis, only one 
of 14 cases would have been discovered, as in only one was there a history 
of contact. 

On the basis of this work in high-schools, all adults, particularly those 
up to the age of 35, should be X-rayed without a preceding tuberculin 
test and irrespective of whether there are any symptoms or physical signs. 

A negative diagnosis in tuberculosis should not be made without a cor- 
roborating X-ray. The Detroit Tuberculosis Society’s custom, of giving 
health certificates to high-school graduates on physical examination, 
will in the future include tuberculin testing and X-raying of the reactors. 

This method results in early diagnosis, making it easy to procure cures 
by modern surgical collapse therapy if indicated. Over 50 per cent of 
sanatorium cases are now treated surgically. 

Observation and case-work are narrowed down to a workable list 
from which the future active patients are likely to follow. How many 
of the IA cases would have broken down completely if permitted to con- 
tinue in their ordinary mode of life it is difficult to say. However, after 
continued observation of a large number of such cases, both under 
treatment and those refusing treatment or otherwise uncodperative, the 
practical value of our work will be better estimated. 

It is suggested that (1) all X-ray societies adopt the above classification 
resulting in standardization of terms that would be better understood 
by the general practitioner; (2) full use be made of chest clinics as teach- 
ing centres, whether regular or travelling clinics, the latter particularly 
in sparsely populated areas; (3) general practitioners be given complete 
facilities to acquire knowledge of modern advancement in diagnosis and 
treatment of tuberculosis; and (4) general practitioners take a more 
active and prominent part in antituberculosis work. 


TUBERCULOSIS AMONG MEDICAL STUDENTS! 
JOHN STEIDL 


Tuberculosis is a chronic infectious disease; infection with the aetio- 
logical agent is common; the <iinical disease is relatively uncommon. 
Soon after the discovery of the tubercle bacillus, detection of infection 
became possible by the use of tuberculin. The early data concerning 
infection were collected by testing the highly urbanized European popu- 
lations; from these data it became apparent that infection was extremely 
common. It also came to be believed that this infection occurred early 
in life, that it carried with it a high degree of immunity toward subse- 
quent infection, and that the clinical tuberculosis of adolescence or early 
adult life was usually an extension and recrudescence of the disease which 
had been contracted earlier in life. 

In recent years figures on the tuberculin skin test, collected in America, 
have shown conclusively that in at least some areas of America positive 
skin tests under the age of 15 are the exception rather than the rule. In 
some areas the incidence of positive skin tests is almost inverse to the 
published figures of the European incidence. With such large bodies of 
apparently uninfected population in existence, the question has very 
pertinently arisen whether adult primary infection may not play a more 
important part in the epidemiology of tuberculosis than we have believed 
previously. If such is true, this type of infection could be expected to 
be apparent among medical students, doctors and nurses, among whom 
there would seem to have been great opportunity for infection in adult 
life. 

Our ideas have also changed somewhat in regard to the question of 
reinfection of tuberculosis. Previously it had been believed that an 
individual once infected could be’reinfected from without only under 
very unusual circumstances. It is now believed by some that exogenous 
reinfection as a cause of clinical tuberculosis may occur more frequently 
than we have previously believed, particularly when the infecting dose 
is large. If this is true, we could again expect to find this sequence of 
events operating in the medical profession. 

1 This study was aided by a grant from the Proctor Fund for the Study of Chronic Disease 
of Harvard University Medical School. 
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From time to time, various authors have interested themselves in the 
problem of tuberculosis among the medical profession. Jaquerod (1) 
believed that there was considerable danger of infection from the bedside, 
the laboratory and the necropsy table. Ross (2), at the Manitoba Sana- 
torium, made a study of the disease in 60 nurses admitted to that insti- 
tution. He found that these nurses had, with very few exceptions, 
developed tuberculosis during their training in general hospitals or during 
their first year after that training, often while still on the staff of general 
hospitals. He believed that about 6 per cent of the nurses in training 
within Manitoba developed tuberculosis during their training. His 
experience supported the well-established belief that it is very rare to 
have a sanatorium nurse develop clinical tuberculosis. He believed that 
this is due to the fact that the work on the whole is less strenuous than 
nursing in a general hospital, and that the sanatorium routine is rather 
quiet. It is extremely interesting that in Ross’s series over one-third 
had basal or hilar lesions. He considered these lesions as similar to the 
type of disease in childhood. 

Gordon and Cashman (3) studied tuberculosis in the personnel of a 
tuberculosis hospital after residence. Sixty-six resident physicians 
between the ages of 23 and 28 were exposed from one to three months. 
Two gave histories of tuberculosis before beginning service and two 
showed signs of infection during the first year after leaving. Of 48 
visiting physicians, nine gave histories of tuberculosis before service and 
one was recognized two months after beginning service. Of 14 medical 
students connected with the hospital, 1 developed a pleural effusion. 
Among 566 nurses, 11 developed tuberculosis. Gordon and Cashman 
concluded that tuberculosis is acquired by workers in a tuberculosis 
hospital after termination of service only in a small percentage of cases, 
perhaps less than 2 per cent. 

Fitz (4), in his experience as head of the Harvard Medical School 
Health Service for students, has encountered tuberculosis among medical 
students but rarely. In the few cases so encountered, however, the 
disease became manifest unexpectedly and with considerable acuteness. 

Opie, Landis, McPhedran, and Hetherington (5) of Philadelphia, 
conducted a series of studies over a period of five years to determine 
the frequency of tuberculosis among those in apparent good health. 
Examination showed many cases of grave lesions among students. 
Examination of a group of medical students showed that there was an 
increase in calcareous lesions among these and that the apical lesions in- 
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creased from year to year during the medical course. In a group of 439 
medical students, 93 reacted to tuberculin. In a group of medical 
students showing lesions below the clavicle, there was 1 case in the first 
year, none in the second year, 6 cases in the third year and 13 cases among 
the fourth-year students, thus showing a high incidence of grave tuber- 
culous lesions among individuals presumed to be in good health. 

Landis (6), of Philadelphia, is impressed with the relative frequency of 
tuberculosis during the medical-college course. He finds it often ap- 
parent during the interneship or a year or two following, often in men 
who assume themselves to be perfectly well. 

Some years ago an attempt was made in Baltimore to determine the 
prevalence of tuberculosis among medical students as compared with a 
group of nonmedical university students. The results of the study were 
fairly complete, according to Ford (7), and apparently indicated that 
the amount of tuberculosis among university students was small as 
compared with the incidence among medical students. 

Over a period of 37 years at the Eppendorfer Hospital (Hamburg) (8), 
there were 150 cases of tuberculosis among the nurses and nuns; the total 
number included in the study was 4,284. The percentage up to 1918 
was 1 per cent; after that, it increased to 4.6 per cent. The disease made 
its appearance from three months to two years after entering service. 
Aetiologically, the disease was looked upon mainly as a professional 
condition rather than one contracted at the tuberculosis station. 

Kirchner (9) found that a transmission of tuberculosis to physicians 
or nurses is rare in modern hospitals. It occurs if the physician or nurse 
is not always conscious of the danger, and if the patients are not 
instructed. 

Meulengracht’s data (10) indicate that tuberculosis occurs in from 5 
to 6.2 per cent of the nurses in a Danish training school; if erythema 
nodosum is included, it occurs in about 7 per cent. 

Heimbeck (11) reports observations on 581 student nurses. They were 
given the Pirquet test at the beginning of their training; at that time, 
52 per cent gave a negative reaction. After a period of three years, 
nearly all reacted to the test. Of those who were negative to the test 
at the beginning, 22 per cent contracted tuberculosis, and, of those who 
gave a positive Pirquet test on admission, only 1 to 2 per cent developed 
tuberculosis. The author reasoned that, if most of those with a nega- 
tive Pirquet test subsequently gave a positive reaction, and a large 
percentage of these actually contracted tuberculosis, an exogenous, new 
infection must be the cause of the disease. 
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Baldwin (12) writes that the number and frequency of implantations 
of bacilli is the important factor in the danger of tuberculous infection 
in hospitals and sanatoria. While he believes that the danger is very 
slight, nevertheless, in his opinion, a greater effort to discover unsus- 
pected, open tuberculosis in all institutions will do much to prevent 
tuberculous disease in young adults entering the medical and nursing 
professions; he also believes that a more careful system of X-ray and 
physical examinations, such as is now being advocated for all high- 
schools and colleges, would disclose some of the cases that would later 
develop into clinical disease. 

Myers (13) of Minneapolis, who has recently called our attention to 
the possible frequency of infection of medical students and nurses through 
contact with patients, records, in detail, a small series of cases in which 
the occurrence of such an infection seems to be authentically established. 


INCIDENCE OF CLINICAL TUBERCULOSIS AMONG HARVARD LAW AND 
HARVARD MEDICAL STUDENTS 


One thousand and five students, who attended Harvard Medical 
School in the classes of 1921 to 1929 inclusive, were sent a questionnaire 
to determine whether or not they developed clinical tuberculosis, upon 
what criteria this diagnosis was based, and at what stage in their medical 
education or how many years after graduation the disease became appar- 
ent. Five hundred and fifty-six of these replied. Fourteen of them 
(2.5 per cent) did develop tuberculosis; 6 of these in medical school, 7 
shortly after graduation and, in one case, a tuberculous pulmonary focus 
was discovered which probably had been present for some years before 
entering medical school. The diagnosis in all these cases seemed ade- 
quate, there being a chest X-ray in all cases except one. In this one 
case, in which the X-ray findings were not mentioned, a positive sputum 
was present. No case of tuberculosis was included from the class of 
1924, a class which is notorious for the large number of cases of tubercu- 
losis occurring in its ranks. Certainly no class within recent years at the 
medical school has suffered so heavily from tuberculosis and, after some 
reflection, this class was excluded, although it seems that the figures would 
be prejudiced as much by excluding as by including it. 

One thousand and fifty-four students, who attended Harvard Law 
School in the classes of 1920 to 1924 inclusive, were sent the same ques- 
tionnaire. Five hundred and seventy-nine of these replied, of whom 12 
(2.08 per cent) developed tuberculosis. Only two of these developed 
their tuberculosis in law school, both in the third year, the clinical onset 
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of the remainder being from one to ten years after graduation. In this 
group, again, the diagnostic criteria seemed adequate. 


COMMENT 


In a relatively small group of cases such as this, it is difficult or im- 
possible to draw reliable conclusions. The fact that the incidence of 
clinical tuberculosis is not quite } of 1 per cent higher in the medical 
than the nonmedical group cannot be considered important in such a 
series, especially when about 40 per cent did not reply. 

It is interesting, and perhaps significant, that in only two instances 
men from the law school developed tuberculosis while in the school; on 
the other hand, nearly half of the medical group developed their tuber- 
culosis while in the school, and most of these in the third year. As the 
opportunities for contact with the tubercle bacillus are greater during 
the hospital years than later, this fact might be used as an argument 
in favor of primary adult infection or of exogenous reinfection. Here 
again, however, the group is too small to be used as a trustworthy index 
of what actually occurs. 

It is unlikely that full light will ever be shed on the problem of tuber- 
culosis among medical students by the statistical method. In a few 
medical centres, the problem is being approached with the aid of tuber- 
culin and X-ray films of the chests of all students. It is quite possible, 
however, that widely different conditions may prevail in different medi- 
cal schools, as to the allergic condition of students admitted, the inci- 
dence of nonclinical parenchymatous pulmonary lesions on admission, 
the rigor of medical training, the degree and time of exposure to infec- 
tion, and other factors. 

Whether or not there is more clinical tuberculosis among the medical 
group than among a comparable group, or even assuming that medical 
men are no more prone to tuberculosis than the general population, 
every medical student should be advised to include a well-taken, well- 
interpreted stereoroentgenograph in his general physical examination. 
No chest examination is complete without this. We know that it is 
often possible to make a diagnosis of pulmonary tuberculosis earlier by. 
this method than by any other. Of 143 medical students and doctors 
admitted to Trudeau Sanatorium from 1922 to 1930, 70 per cent were 
moderately advanced or far advanced; over the same period of time 79 
per cent of all patients admitted were moderately advanced or far ad- 
vanced (classification of 1930 of the National Tuberculosis Association). 
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This would indicate that much remains to be done in the way of early 
diagnosis of tuberculosis in medical students and doctors. If medical 
schools are to carry out the ideal public-health practice as regards their 
students, every effort should be made to make a diagnosis at a time when 
the disease is most amenable to treatment. At the present time, the 
best single means of early diagnosis is the routine X-ray examination 
of the chest of all students, including the apparently healthy. 
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THE BACTERICIDAL ACTION OF ULTRAVIOLET IRRADIA- 
TIONS OF TUBERCLE BACILLI! 


EDGAR MAYER anp MORRIS DWORSKI 


Various investigators (1) (2) (3) (4), including the authors (5), have 
reported on the bactericidal action of ultraviolet energy on tubercle 
bacilli. However, there has been a paucity of quantitative data, both 
as to the amount of energy necessary to cause the lethal effect and to the 
number of microérganisms irradiated. In this communication we have 
endeavored to furnish this information. 


EXPERIMENTAL PROCEDURE 


Source of Light: The ultraviolet radiations were obtained from a water- 
cooled quartz-mercury-vapor arc, operating at 110 volts, 5 amperes, 
A. C. (Kromayer lamp). Through the courtesy of Dr. Wm. T. Ander- 
son, Jr., of the Hanovia Chemical Co., a spectrogram (figure 1) and a 


graph (chart 1) of the quantity of light energy at various wave-lengths 
were obtained for the Kromayer lamp burner. Practically no heat is 
transmitted through the water-filter. A thermometer, placed 2.5 cm. 
from the window of the burner, rose only 2°C. above room temperature 
after one hour of continuous operation. 

Measurement of Energy: The oxalic-acid, uranyl-sulphate method, 
described by Anderson and Robinson (6), was used. It is a simple 
reaction, easily followed, it proceeds with a moderate velocity, and it is 
sensitive throughout the range of ultraviolet emitted by a quartz-mer- 
cury arc. The oxalic-acid solution, 0.01 M in uranyl sulphate, absorbs 
all radiations shorter than 300 mu and partially to 400 mu. While the 
method does not approach the sensitiveness of the thermopile, it is of 
sufficient accuracy for the purposes of this study, and has as advantages 
that it does not require frequent calibrations, is not affected by vibrations 
and magnetic disturbances, and requires no corrections for visible or 
infrared radiations. Relative and absolute measurements of ultraviolet 
radiation can be obtained with this test. Absolute measurements were 
made. The oxalic-acid solution was irradiated in a fused quartz cell, 


1 From the Saranac Laboratory for the Study of Tuberculosis, Saranac Lake, New York. 
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7cm. X 3.4cm. X 1.5cm., placed 2.5 cm. from the window of the burner. 
In measuring the distance between the source of light and the cell, the 
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CHART 1. QuaRTZ-MERCURY ARC: SPECTRAL DISTRIBUTION OF ENERGY OF ULTRAVIOLET 
RADIATION 
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centre of the solution and not the wall of the container must be taken as 
the point of measurement. Under the conditions of this test, 1 mgm. of 
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oxalic acid is decomposed in 30 minutes by the complete ultraviolet band 
and the energy utilized is 4.84 XX 10° ergs per second. The lamp was 
operated for 25 minutes before tests were made and the same time elapsed 
before any experimental exposure was made. With the lamp burning 
at the second intensity, the average energy output utilized in these experi- 
ments was 5.93 X 10° ergs per sec. per sq. cm. 

Experiment 1: Two suspensions of tubercle bacilli were irradiated at 
different times. In one case, inoculations with quantities of bacilli de- 
scribed below were made into guinea pigs at the end of 3-, 8-, 12- and 
15-minute exposures and the animals were killed at the end of 87 days; 
in the other, samples were taken at the end of 2-, 4-, 5-, 7- and 10-minute 
exposures, and the inoculated animals were killed 112 days after infection. 
Human tubercle bacilli of moderate virulence, strain H60, from a 15-day- 
old growth on glycerine-broth were employed. The bacilli were tritu- 


rated with . NasHPQ,, and the organisms were counted, using the 


method described by Jennings (7). The suspensions contained approxi- 
mately 2,750,000 organisms per cubic centimetre. The bacilli were 
placed in a fused quartz cell, 4 cm. high, 3.7 cm. wide and 1 cm. deep. 
The container was fixed 2.5 cm. from the window of the burner, and 0.2 
cc. of suspension was removed from the cell at intervals noted above, 
0.1 cc. of each portion being inoculated subcutaneously into the right 
groin of two guinea pigs. Thus each animal received 275,000 bacilli. 
Skin tests were made with 0.002 gm. Old Tuberculin two days before 
the animals were killed. In table 1 are listed the intracutaneous skin 
tests and autopsy findings. The results indicate that all the bacilli 
were destroyed within four minutes at the given intensity, 5.93 X 10° ergs 
per sec. percm.? It required a total of 1.42 x 10° energy ergs per cm.’ 
to destroy the bacilli. As can be seen from the animal-autopsy records, 
there was a gradual destruction of the bacilli, as there was distinctly less 
disease in the animals receiving the organisms irradiated for two and 
three minutes than in the controls. 

Experiment 2: To test the effects of ultraviolet irradiations on dried 
bacilli, 0.05 cc. of the bacillary suspension was spread on sterile glass 
slides over an area of 4.5 cm. and placed in an incubator for 15 minutes 
to dry. Six slides were prepared. At the end of this time, the fluid had 
evaporated, leaving a film of bacilli mixed with crystals of NasHPQk. 
Two slides were exposed for 2 minutes, and two for 4 minutes at 2.5 cm. 
from the window of burner. Then the irradiated and control slides 
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TABLE 1 


Bactericidal action of mercury-quartz-arc radiations on a suspension of tubercle bacilli. Intra- 
cutaneous tests and autopsy findings 


SKIN TEST, AUTOPSY FINDINGS* 
ANIMAL READING Tliacs Spleen | Liver Lungs 
1 | Control—O | Pos. [++++/ + + 
2 | Control—O | Pos. |++++) + |] +] + [++] 0 | +4+4+7] + 
3 | Control—0 | Pos. sae 0 0 + |++/] 0 ++ [+++ 
4 | Control—O | Pos. ++ 0 + | ++] 0 ++ 0 
minutes 
5 2 Pos. + 0 + + | ++] 0 ++ 0 
6 3 Pos + 0 0 0 0 0 + 0 
7 3 Pos. + 0 0 0 + 0 ob 0 
8 4 Neg. 0 0 0 0 0 0 0 0 
9 4 Neg. 0 0 0 0 0 0 0 0 
10 5 Neg 0 0 0 0 0 0 0 0 
11 5 Neg 0 0 0 0 0 0 0 0 
12 7 Neg. 0 0 0 0 0 0 0 0 
13 7 Neg. 0 0 0 0 0 0 0 0 
14 8 Neg. 0 0 0 0 0 0 0 0 
15 8 Neg 0 0 0 0 0 0 0 0 
16 10 Neg 0 0 0 0 0 0 0 0 
17 10 Neg 0 0 0 0 0 0 0 0 


* Animals 1, 2, 6, 7, 14, 15 killed at end of 87 days, and animals 3, 4, 5, 8, 9, 10, 11, 12, 
13, 16, 17 killed at end of 112 days. 


TABLE 2 


Bactericidal action of mercury-quartz-arc radiations on dried tubercle bacilli. Intracutaneous 
tests and autopsy findings 


AUTOPSY FINDINGS* 


SKIN TEST, 


EXPOSURE | 48-HouR | Right | Left 
ANIMAL READING ingui- ingui- Nliacs |", Spleen | Liver 
6t Control—0 | Pos. + 0 0 0 ++ 0 0 0 
7 Control—0 | Pos. 0 0 0 ++ 
minutes 
13 2 Pos. ++ 0 0 0 ++ 0 +b 0 
15 2 Neg. 0 0 0 0 0 0 0 0 
22 4 Neg. 0 0 0 0 0 0 0 0 
23 4 Neg. 0 0 0 0 0 0 0 0 


* Animals killed at end of 112 days. 
t Died 31 days after infection from enteritis. 
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were each washed with 1 cc. of sterile physiological salt solution and the 
entire washings from each slide were inoculated into the right groin of 
guinea pigs. ‘The results are given in table 2. The lethal action of the 
ultraviolet on bacilli in the dry state is just as efficient as on bacilli in 
suspension. 

Experiment 3: Various reviewers (4) (8) of the subject of the bac- 
tericidal action of mercury-quartz-arc rays on the tubercle bacillus quote 
the work of Cernovodeanu and Henri (2), who state that the rays cause 
the tubercle bacilli to lose their acid-fastness in a few minutes. No 
confirmation of this observation has been published. In their paper (2) 
the authors claim that the property of acid-fastness is destroyed only 
when the organisms are in a dry state. If, on the contrary, the rays are 
directed on aqueous suspensions, acid-fastness is unaffected. 

A suspension of the R1 strain of low-virulent human tubercle bacilli 
was made, containing approximately 16 million bacilli per cc. This 
suspension was irradiated in the manner previously described. At the 
end of 5-, 10-, 15-, 20- and 25-minute exposures, smears were made and 
stained by the Ziehl-Neelsen method. No change was observed in the 
staining, the bacilli remained intact, and their properties were acid-fast 
and similar to those of the control smears. Smears were made from an 
unirradiated suspension and were allowed to dry at room temperature. 
The slides were then irradiated for the same periods of time. No loss 
of acid-fastness was observed. In the smears that were irradiated for 
20 and 25 minutes, some of the bacilli were irregularly stained and showed 
a granular appearance. However, an occasional bacillus in the control 
smear often stained in the same manner. No bacilli took the counter- 
stain. A set of smears was fixed by heat before they were irradiated. 
They showed definite effects from the exposure. The bacilli were 
irregularly stained, and many organisms were swollen and distorted. 
This effect appeared in smears treated for 5 minutes and was more 
noticeable in those irradiated for the longer periods. The bacilli aver- 
aged 15 per oil-immersion field and in the 25-minute smears, about 
half of the observed organisms showed irregularities, yet no bacillus was 
seen which had completely lost its acid-fastness and had taken the meth- 
ylene-blue stain. Therefore, bacilli, fixed by heat and exposed to ultra- 
violet, do not lose their acid-fastness within 25 minutes at the intensity 
employed, but alterations do occur in the bacilli which are due to the 
effects of fixation by heat and ultraviolet energy. 


EDGAR MAYER AND MORRIS DWORSKI 


DISCUSSION 


Sufficient experimental evidence has been reported and confirmed (9) 
(10) (11) to state that ultraviolet light has a direct bactericidal effect on 
bacteria. By far the best work to-day on the lethal effect of ultraviolet 
energy on bacteria is the recent investigation by Gates (12) (13) (14). 
With monochromatic ultraviolet radiations and with Staphylococcus 
aureus as the test organism, he found that the bactericidal action did not 
increase with the shorter wave-lengths. He further demonstrated that 
the rate of bactericidal effect yielded similar curves at each wave-length 
but that the energy levels varied with the greatest bactericidal effective- 
ness between 250 and 270 mu. 

Six times the lethal dose of ultraviolet energy did not alter the form 
or modify the staining characteristics of the tubercle bacillus irradiated 
in suspension; yet sublethal doses of ultraviolet energy affect the bac- 
terial protoplasm, for Toda (15) has dissociated tubercle bacilli into R- 
forms and S-forms by radiation with a mercury-quartz-arc. Further- 
more, he was able to kill the R-forms with a 4-minute exposure while the 
S-forms required 10 minutes. 

Tubercle bacilli, fixed by heat and then exposed to the rays, showed 
definite alterations in shape and irregularities in staining. 

It appears that a preliminary application of heat sensitizes the bac- 
teria, so that they become more susceptible to the destructive action 
of the rays than do unheated organisms. 


CONCLUSIONS 


1. A suspension of tubercle bacilli, containing 2,750,000 organisms 
per cc., was killed within 4 minutes by the absorption of 1.42 x 10° energy 
ergs per cm.? derived from the complete ultraviolet band of a mercury- 
quartz arc (Kromayer). 

2. A like amount of energy destroyed dried tubercle bacilli on the 
same suspension within 4 minutes. 

3. Exposure of tubercle bacilli in suspension to ultraviolet at 5.93 x 
10° ergs per sec. per cm.? for 25 minutes did not alter their acid-fast stain- 
ing properties. 

4. Tubercle bacilli, fixed by heat and then irradiated for 5 to 25 min- 
utes, showed changes indicative of disintegration, and irregularities were 
observed in staining by the Ziehl-Neelsen method. 
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VITAMINE THERAPY IN PULMONARY TUBERCULOSIS: 


II. THE TREATMENT OF PULMONARY TUBERCULOSIS BY MEANS 
OF HYPERCALCAEMIA INDUCED BY MASSIVE DOSES 
OF ACTIVATED ERGOSTEROL 


PAUL D. CRIMM 


The intake of calcium and phosphorus in the daily diet, provided an 
optimum quantity is present, furnishes an adequate supply of these ele- 
ments for normal metabolism. A diet inadequate in these elements re- 
duces their concentration in the blood-serum if continued over a long 
time. A diet containing an excess of calcium and phosphorus maintains 
normal high levels of these minerals in the blood, but they do not reach 
the elevations obtained by the use of an activating substance such as 
vitamine D. The average daily diet of the patients employed in these 
experiments contained 1.4 gm. of calcium and 0.9 gm. of phosphorus, a 
ratio of 1.55 to 1. A normal range of calcium, from 8.5 to 12 mgm., and 


a normal range of phosphorus, from 3 to 5 mgm. per 100 cc. of blood- 
serum, other metabolic processes being normal, is established by the 
intake of these elements in the diet. A slightly lower or higher concen- 
tration than mentioned in the normal range is present at times in many 
normal individuals. 


EXPERIMENTAL REQUIREMENTS 


In the determination of phosphorus and particularly calcium, the daily 
fluctuating but normal concentration of each decidedly demands a 
knowledge of the individual range prior to the period of experimentation. 
The following factors must be relatively stable for the purpose of com- 
parative analyses: namely, a constant dietary intake of these elements; 
a proper balance of the other mineral constituents; a normal H-ion con- 
centration, both in the intestinal tract and the blood; a stable nervous 
mechanism; and the same routine of daily individual habits. To my 
mind it is impractical to use a single determination of each and, six 


1From the Boehne Hospital, Evansville, Indiana. The Misses Grace Heimann and 
Kathryn Zoe Hall were responsible for all the chemical analyses of the blood and pleural 
fluid. 
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months or a year later, employ another determination for the purpose of 
comparison, especially if one has endeavored to alter these individual 
percentages by means of some therapeutic agent. If a sufficient dosage, 
which causes a marked increase or decrease of calcium or phosphorus, is 
administered, single determinations become likewise more authoritative. 
We often find that one normal determination of calcium does not reveal 
the hourly, daily or monthly range of the calcium in the blood-serum. 
At least two determinations at the same time of day, from two- to five- 
day intervals, are invaluable in averaging the normal concentration. 
After administering a drug like viosterol, it is important to know ap- 
proximately what period of time is required to obtain an elevation of 
calcium, so that weekly and monthly determinations are necessary to 
complete the picture. It is evident that the same metabolic process 
that produced a high calcium, after a 60-day feeding, would at the end 
of a year’s feeding become so reorganized or desensitized that a lower or 
perhaps normal percentage of calcium might be again determined. 
Again, all comparative results should be run by the same technician to 
reduce the chances of experimental error. Our determinations for cal- 
cium are made according to the Clark and Collip (1) method, a modifica- 
tion of the method of Kramer and Tisdall (2). Phosphorus determina- 


tions were made by the method of Benedict and Theis (3). One cubic 
centimetre of serum was used in both determinations. 


CALCIUM ELEVATIONS TOLERATED 


We are aware that there is considerable difference in activating a met- 
abolic process that possesses a normal calcium and phosphorus ratio 
and one that shows an abnormal deficiency or relation of these elements. 
Infants with rickets and many without rickets tolerate larger and longer- 
continued doses of activated ergosterol than an adult. Patients with 
pulmonary tuberculosis, as long as they take care of an adequate diet, 
maintain a normal calcium and phosphorus in the blood-serum. In the 
former type of patients hypercalcaemia is infrequent on therapeutic 
doses, while in the latter a hypercalcaemia without calciotoxaemia is early 
obtained. Hess, Lewis and Rivkin (4) say that hypercalcaemia is de- 
veloped only when viosterol has been given to normal infants and in 
these instances only under exceptional circumstances, and generally when 
the dosage has been excessive. The adult case of pulmonary tuberculosis 
tolerates a hypercalcaemia of approximately 15 mgm. per 100 cc. of 
blood-serum. Any elevation above this is tolerated briefly without 
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symptomatology during the drug’s administration. A patient on abso- 
lute bed-rest will elevate his calcium more speedily than an ambulatory 
patient, although the latter may be more likely to tolerate prolonged 
therapy. The loss of appetite is the earliest manifestation of a calcio- 
toxaemia and is indicative of the individual’s tolerance limit for calcium 
during the administration of activated ergosterol. We say “during the 
administration” because higher calcium concentrations may occur spon- 
taneously without symptomatology after the drug has been discontinued. 
This may be due to the fact that the patient becomes accustomed to the 
drug or that the drug contains intermediate products which contribute 
to toxic reaction during its intake. As pointed out in our preliminary 
investigation (5) the aim of administering activated ergosterol is to pro- 
duce in patients with pulmonary tuberculosis the highest possible non- 
toxic calcium concentration in an endeavor to promote calcification of 
tubercles. Various therapeutic combinations have heretofore failed to 
contribute to early calcification of tubercles. Whether the increased 
calcium concentration in the blood, obtained by ordinary therapeutic 
doses of viosterol, will fix more mineral in the wall of a tubercle than 
would be fixed by a high calcium diet without ergosterol, remains to be 
determined. Toxic doses (6) in animals will do so, but, with such doses, 
deposits are found in nontuberculous tissue and the accompanying patho- 
logical changes are far from encouraging. It may be that the excess 
calcium available for tubercle deposition may not be available for fixa- 
tion unless it is properly ionized, or the nonionized, nondiffusible form 
becomes diffusible. Our roentgenological evidence points to beginning 
calcification of new lesions in case 789 after 270 days of hypercalcaemia. 
More time will be required to show whether this will become definite 
calcification. This case had its first negative sputum examinations after 
carrying a hypercalcaemia for 365 days. No roentgenological changes 
were observed in the bones. We feel that activated ergosterol may favor 
fibrosis and hasten absorption of tuberculous infiltration in pulmonic 
tissue when opportunely administered. 


DOSAGE AND POTENCY 


The dosage of any viosterol is dependent upon its potency. The usual 
250D viosterol is approximately one hundred times stronger than aver- 
age codliver oil, according to Bills, Honeywell, Wirick and Nussmeier 
(7). Fifteen drops of this solution 0.z.d. will not elevate the blood cal- 
cium of patients with pulmonary tuberculosis much above normal in 
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less than 30 days. As a rule a marked rise is not noted until between 60 
and 90 days. After 15 mgm. calcium per 100 cc. blood-serum is reached, 
a rest period is desirable on account of a cumulative effect. After a 
rest period, during which the calcium gradually returns to normal, a 
second administration brings a ready response to the same dose. The 
solution? used in the present experiments had a codliver oil coefficient 
of 10,000, or in other words it was one hundred times stronger than the 
solution used in our previous work (5). The daily dose was 20 gtts. 
(0.5 cc.) which is equivalent to 5,000 cc. of codliver oil in vitamine D. 
Table 1 shows two series of determinations of calcium and phosphorus 
taken from 2- to 5-day intervals on 15 cases. Their Ca X P product 
ranged from 30 to 48, the average being 42 mgm. for the 15 cases. One 
exception was noted in case 848, a child aged eleven years. Variations in 
the period of administration are noted, and when compared with the 
respective blood analyses they show that little is gained in reference to 
hypercalcaemia by extending the period beyond eight days. The Ca 
xX P product, after the different administration periods, varied from 52 in 
case 688 to 94 in case 913, the average product being 69 mgm. Case 848 
showed a high phosphorus normal averaging 6.3 mgm., and an average 
calcium normal of 11.5 mgm. After an eight-day administration, the 
calcium was 14.6 mgm. and the phosphorus was 5.2 mgm. 

This one case illustrates decidedly what many cases show to a more or 
less degree in regard to the ratio of calcium and phosphorus; that is, when 
high calcium in the blood-serum occurs, a high phosphorus reciprocally 
drops. This is not as evident in adults as in children, because of lower 
elevations of phosphorus in the adults and perhaps a more stabilized 
regulatory mechanism. When a massive dosage is administered to adults 
the phosphorus is usually elevated with the calcium as shown by 12 of 
14 adult casesin table 1. After the initial rise of calcium and phosphorus 
in the adult, a high calcium concentration is maintained, while the phos- 
phorus on the average gradually seeks a little lower level than normal, 
or returns to the individual’s normal reading. Charts 2, 3 and 4 illus- 
trate this phenomenon in the beginning, while chart 1 shows an elevation 
of phosphorus to 5 mgm. during the second administration of viosterol, 
and thereafter a gradual lowering of the phosphorus concentration is 
evident. Chart 5 shows a return of the phosphorus concentration to 
initial levels when the calcium concentration approaches the initial nor- 


2 Kindly supplied by Mead Johnson & Company. 
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mals. Many times a lowering of the calcium concentration in turn effects 
a rise in the phosphorus concentration. Cases 688 and 909, table 1, fed 
28 days and 32 days respectively, were patients in excellent condition 
and overweight, and they appeared to tolerate this large dosage much 
better than the other patients who were afflicted with the usual degrees 
of illness accompanying pulmonary tuberculosis. 

To sum up the results of these analyses and some subsequent work not 
reported herein, the average patient with pulmonary tuberculosis may 


TABLE 1 


Showing the serum-calcium and serum-phos phorus concentration before and after feeding a solution 
having a codliver-oil coefficient of 10,000 mgm. of Ca and P per 100 cc. of blood serum 


TITRE DETERMINED ON 
PRELIMINARY NORMALS NUM- DATE SOLUTION 
WAS DISCONTINUED 
Aver- 
SerumCa | SerumP | normal | Sezum | Sefum | 
product 
675 Z2 III 11.8 | 11.0] 3.7] 4.8 | 48.23} 8 | 17.5] 4.6] 80.50 
688 22 III 11.4)}11.9| 4.0] 2.7 | 38.86) 28 | 13.8] 3.8] 52.44 
703 32 III 10.9} 9.3}3.0} 3.0] 30.30) 19 | 15.5] 4.5 | 69.75 
789 33 III 10.1} 9.4] 3.5] 3.0] 31.77} 26 | 16.3 | 4.0 | 65.20 
801 26 III 10.1 | 10.6 | 2.5] 4.0] 33.82} 28 | 16.9] 4.0] 67.60 
848 11 III 20.2 [1636 |. 70243} 98 | 
851 23 III 11.1 | 11.6] 4.4] 3.9] 47.04) 25 | 18.5 | 4.0] 74.00 
860 27 II 10.0 | 10.7} 4.2 | 4.4 | 44.54) 14 | 14.0] 5.5 | 77.00 
887 27 T. B. 12.4 | 12.8|3.0|] 3.5 | 41.00) 14 | 17.1] 4.5 | 76.95 
G.U. tract 

889 25 III 11.6 | 11.9] 2.7 | 3.3 | 35.29) 10 | 16.6] 3.7 | 61.42 
909 33 II 11.2 | 11.0] 4.4] 3.9 | 46.09} 32 | 14.2] 4.3 | 61.06 
913 49 III 11.4] 10.4}2.9 3.5 | 34.73} 11 | 15.8] 6.0 | 94.80 
921 22 III 12.2 | 12.2 | 3.6] 4.1 | 46.97; 8 | 15.6] 4.0] 62.40 
936 53 Ill 12.0 | 10.6 | 3.5 | 3.3 | 38.49} 10 | 17.2 | 4.0} 68.80 


be given 20 gtts. of this solution safely for 5 days. This will elevate the 
calcium in the neighborhood of 15 mgm., and as a ruie the phosphorus will 
also rise. After a 5-day administration the patient’s blood-serum should 
be analyzed. At the end of another 5 days, during which the drug is not 
administered, this should again be done. By this time a cumulative 
effect, if it occurs, will have been noted and further administration may 
then be determined. A subsequent 3- to 5-day administration period 
may be added, but not over a 10-day period should be considered. If 


| 
| 
| 
| 
| 
| 
| 
i 


VITAMINE THERAPY 117 


the patient is very ill, only a 5-day period will be tolerated with impunity. 
If a blood-calcium determination cannot be performed, loss of appetite 
may be taken as a fairly safe criterion. It should be remembered that 
after 60 to 120 days of cumulative effect, the same dose, fed shorter 
periods, may produce the same elevation attained in the beginning by 
longer administration. The advantage of administering the solution 
with a codliver-oil coefficient of 10,000 over a solution with a codliver- 
oil coefficient of 100, is that it diminishes the number of doses and brings 
about an earlier, and more prolonged hypercalcaemia. 


CALCIUM ABSORPTION 


In previous experiments (5) we showed that vitamine D increases the 
absorption of calcium. It has been stated that the calcium of calcium 
proteinate in milk is more readily absorbed than other calcium com- 
pounds. Sherman and Hawley (8) and McClugage and Mendel (9) 
showed that vegetables were inferior to milk as a source of calcium. 
Stewart and Percival (10) suggest that vitamine D stimulates secretion 
of hydrochloric acid in the stomach or inhibits the flow of alkali into the 
intestine. In so doing the intestinal H-ion concentration, with a trend to 
the acid side, favors continuation of ionized calcium along a greater 
distance of the intestine before precipitation occurs. Such an explana- 
tion may hold true during the administration of vitamine D, but it does 
not seem possible that this can account for the continued elevation in the 
blood-serum noted in the following experiments. For example, in chart 
3, case 838 was given the solution with a codliver-oil coefficient of 10,000 
for 23 consecutive days, 20 gtts., g.d. The calcium of the blood-serum 
at the date of discontinuance was 15.5 mgm.; 8 days later it was 17.5 
mgm.; and 213 days later it was still 14.8 mgm. Eighty-three days after 
the discontinuance the serum-calcium was 16.3 mgm., and at this time 
the patient was given sodium bicarbonate, grs. v, q.i.d. and effervescent 
alkali, drams ii for 14 days. Seven days after this medication the cal- 
cium reading was 16.2 mgm. Fifteen days later the calcium reading was 
16.8 mgm. Fifteen days after this medication was omitted the calcium 
elevation was 17.2 mgm. This additional alkali in the intestinal tract 
has no effect on the high calcium after the drug was administered, al- 
though the same quantity of alkali would have delayed the rate of ab- 
sorption had it been administered simultaneously with the solution. 
At this elevation of 17.2 mgm. 10 cc. of a 7.5 per cent solution of sodium 
bicarbonate was given intravenously; 4 hours later the calcium concentra- 
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tion was 12.4 mgm.; 1 day later it was 14.2 mgm.; 6 days later it was 

15.6 mgm.; 19 days later it was 15.8 mgm. At this elevation of 15.8 

mgm. 10 cc. of sodium bicarbonate was given intravenously and four 

hours later the calcium concentration was 14 mgm.; 3 days later it was 

15.4 mgm.; and 10 days later it was 14.2 mgm. At this elevation of 
CHART 1. CASE 789 


SERUM- CALCIUM. ano SERUM-PHOSPHORUS: 
MGM. PER 100 BLOOD — SERUM 
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14.2 mgm. 10 cc. of sodium bicarbonate was again injected intravenously; 
4 hours later the calcium concentration was 12.2 mgm.; 2 days later it 
was 12 mgm.; 9 days later it was 15 mgm. At this elevation of 15 mgm. 
10 cc. of sodium bicarbonate was again injected intravenously; 4 hours 


CHART 2. CASE 
SERUM-CALCIUM ano SERUM-~ PHOSPHORUS: 
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later it was 14 mgm.; 2 days later it was 13.5 mgm.; 9 days later it was 15 
mgm. At this elevation of 15 mgm. 10 cc. of sodium bicarbonate was 
again injected intravenously; 1 hour later it was 14.4 mgm.; 4 hours later 
it was 13.4 mgm.; 4 days later it was 13.4 mgm.; 20 days later it was 13.6 
mgm.; 50 days later it had again elevated to 14.8 mgm. A poor appetite 
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was noticed during the range between 16 andi7mgm. After 220 days of 
hypercalcaemia no roentgenological changes were observed in the bones. 
It is evident that the lowering of this hypercalcaemia brought about by 
intravenous injections of sodium bicarbonate does not cause a permanent 
lowering of the calcium but does occasion a level of calcium which is well 


CHART 3. CASE. 838 
SERUM- CALCIUM ano SERUM-PHOSPHORUS 
MGM. PER 100 CC. OF BLOOD~ SERUM 


DAYS: 1 20 90 9% 120 190 200 20 
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tolerated. In other words, activated ergosterol has sufficiently influ- 
enced the calcium-producing mechanism, so that after a short time the 
calcium is again built up in the blood-stream although not to as high a 


CHART 4 CASE 860 
SERUM- CALCIUM ano SERUM- PHOSPHORUS: 
MGM. PER 100 CC. OF BLOOD -SERUM 


17 DAYS. 15 22 0 1270 150 


level. Whether it alters the assimilating mechanism of the cells of the 
intestinal wall is problematical. It probably draws upon the calcium 
stores of both tissue and bone. 

Case 860, chart 4, was given this solution with a codliver-oil coeffi- 
cient of 10,000, 20 gtts., g.d., for 14 days, and at the expiration of 165 
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days the calcium was still elevated above the initial level. Case 801, 
chart 2, was given the same dosage for 28 days, and 130 days elapsed 
before the initial range of calcium was again proximated. Case 789, 
chart 1, was given the same dosage for 27 days and reached a calcium 
level of 16.3 mgm. It took this patient about 10 days to recover her 
appetite after this elevation was reached. Sixty-three days later the 
calcium was 11.7 mgm. Twenty drops of this solution was readminis- 
tered g.d., for 13 days, whereupon the calcium reached an elevation of 
16.8 mgm. One hundred and forty-four days after the discontinuance 
of the second administration the calcium concentration reached 11.4 
mgm., within the normal range. It may have been a coincidence, but 
at this stage the patient became ill, and had nausea, occasional vomiting, 
CHART 5. CASE 921 


SERUM-~ CALCIUM ano SERUM-=~ PHOSPHORUS: 
MGM. PER 100 CC. OF BLOOD-SERUM 


AYS 15105 20830 90 120 180 
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loss of appetite, and considerable diarrhoea. Intestinal tuberculosis 
was at this time probably a complicating factor added to an already grave 
prognosis. In spite of this, the same solution was readministered for 10 
days, 20 gtts., g.d., until the patient reached an elevation of 14.8 mgm. 
when the drug was discontinued. Eight days after this elevation was 
reached calcium value of 16.8 mgm. was again found. After this drug 
was discontinued the patient’s symptoms entirely disappeared. She 
continues to feel exceptionally well with this high calcium concentration’ 
in the blood-serum. Case 921, chart 5, had a high normal calcium. 
Three days after the last normal determination the activated ergosterol 
was given for 8 days, when it was discontinued at a calcium concentration 
of 15.6 mgm. Forty-nine days elapsed before a normal range was again 
approached. A repetition of the same dosage for a shorter period would 
maintain a high elevation for probably double the length of time. In- 
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dividual variation in response to the drug naturally varies the periods of 
cumulative effect. 


EFFECT OF MASSIVE DOSES ON CALCIUM IN PLEURAL FLUID 


A patient had an initial serum-calcium of 12.4 mgm. and phosphorus of 
4.2 mgm. At the time the blood was taken the calcium in the pleural 
fluid was 11.2 mgm. and the phosphorus was 5.0 mgm. The patient 
was given 20 gtts. of the solution for 5 days. Four days after the drug 
was discontinued, the calcium in the blood-serum was 14.8 mgm. and 
the phosphorus was 4.4 mgm. At this time the calcium in the pleural 
fluid was 12.0 mgm. and the phosphorus was 5.0 mgm. Fourteen days 
later the calcium in the blood-serum was 13.6 mgm. and the phosphorus 
was 3.2 mgm. The calcium concentration in the pleural fluid was 12.8 
mgm. and the phosphorus was 3.7 mgm. 

In another patient, while the pleural fluid was accumulating, the cal- 
cium in the blood-serum was 11.6 mgm. and the phosphorus was 4.5 
mgm. per 100 cc. of blood. The calcium in the pleural fluid was 8.0 
mgm. and the phosphorus was 5.0 mgm. Both specimens were taken 
at the same time. The patient was then given 20 gtts., g.d., of activated 
ergosterol for 8 days. Twenty-six days after the discontinuance of the 
drug, calcium in the blood-serum was 17.8 mgm. and the phosphorus was 
3.4mgm. At this time the calcium in the pleural fluid was 11.6 mgm. and 
the phosphorus was 2.9 mgm. 

In these cases the fluid was removed in part, and a quantity of air 
was injected into the pleural cavity. It remains to be seen whether an 
increase in the calcium concentration of the pleural fluid will diminish 
the secretion of fluid. Blum (11) says that if the calcium ions are in- 
creased the sodium ions are decreased. He thinks oedema is decreased 
by diuretic action, since the retention of fluid is closely associated with 
the retention of sodium. Hunter (12) believes that it is not a specific 
effect of calcium but results from a change in the balance of ions in the 
body fluid. We have noted, as a rule, that the calcium in the pleural 
fluid is lower than the calcium in the blood-serum, while the phosphorus 
in the pleural fluid is higher than the phosphorus in the blood serum. 


WHAT EFFECT DOES ACTIVATED ERGOSTEROL HAVE ON THE ACID-BASE 
EQUILIBRIUM? 


It may be that activated ergosterol influences the acid-base equilibrium 
so that the H-ion concentration of the blood is increased (pH decreased). 
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With the lowering of the alkali reserve (pH decreased) calcium would be 
liberated for circulation in the blood, deriving its source of supply from 
that which is assimilated in the intestinal tract and later from the tis- 
sues, but, in particular, the osseous system. The body tolerates a hy- 
percalcaemia up to the vicinity of 15.0 mgm. per 100 cc. of blood-serum. 
A further increase in the calcium which might correlate with an increase 
in the H-ion concentration puts the patient in a state of calciotoxaemia. 
Some individuals may become toxic more readily than others, particu- 
larly the patients who do not have a normal intake of food: Calcio- 
toxaemia is easily recognized by nausea, occasional vomiting and anorexia. 
This might have some relation to the acid condition existing in the gastro- 
intestinal tract which makes for increased calcium absorption. A pro- 
longed elevation above the tolerance point may cause the patient to have 
a severe neuralgia along the course of the mandibular branch of the tri- 
geminal nerve. Tenderness of the gums and of the teeth on grinding food 
may also exist. The patient is quite restless. Motion increases the 
nausea. At times, memory is hazy. Temperature and pulse may be 
normal. This state of calciotoxaemia is controlled by the intravenous 
use of sodium bicarbonate. A 7.5 per cent solution is satisfactory. A 
few daily injections of 10-20 grains of the alklali is an effective control. 
It may be that this decreases the H-ion concentration (pH increased) 
and shifts the bulk of the high concentration of calcium from the blood- 
stream back to the osseous tissue. Peters and Van Slyke (13) state that 
a lowered pH tends to mobilize the calcium in the blood-stream, particu- 
larly the ionized calcium. It is of further interest to note that an injec- 
tion of sodium bicarbonate may relieve the symptoms without lowering 
a high calcium concentration appreciably, especially during the early 
cumulative action of the ergosterol. Continuous observation of the 
symptoms and repeated calcium determinations guide one in lowering 
the calcium. It will be noted in chart 3 that only a short time elapsed 
until a high level of calcium in the blood reaccumulated without adminis- 
tration of the drug. This level was well tolerated. If a reaccumulated 
level of calcium is not tolerated, the remedial therapy must be repeated. 
As much as 40 grains of sodium bicarbonate have been used daily in 
stubborn cases. Further experimentation is required to ascertain 
whether hypercalcaemia regulated with sodium bicarbonate is more 
effective than hypercalcaemia alone in promoting calcification of tu- 
bercles. 
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VITAMINE THERAPY 


CONCLUSIONS 


1. Activated ergosterol with a codliver-oil coefficient of 10,000 in- 
creases the absorption of calcium and phosphorus from the intestinal 
tract. 

2. A dosage of 20 gtts., g.d., given for a period of 5 days, produces a 
hypercalcaemia which is compatible with well-being. 

3. This potency at this dosage and length of administration produces a 
cumulative effect on the serum-calcium concentration. The cumulative 
effect is probably due to mobilization of calcium from the osseous system. 

4. A brief rise in the phosphorus concentration usually occurs in the 
beginning, but later a gradual fall accompanies a high calcium concen- 
tration. 

5. Following the return of the calcium concentration to the proximate 
normal, a repetition of the same dosage produces hypercalcaemia for a 
longer period. 

6. By checking the calcium concentration in the blood-serum, and 
observing the earliest symptom of loss of appetite, one may alleviate 
the disagreeable conditions of calciotoxaemia with intravenous injec- 
tions of sodium bicarbonate. 

7. Activated ergosterol increases the calcium and often the phosphorus 
concentration of the pleural fluid. 

8. Further observation and study is invited to determine the therapeu- 
tic value of hypercalcaemia in pulmonary tuberculosis. 
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THE CLIMATIC TREATMENT OF TUBERCULOSIS 


EARL H. BRUNS! 


When we speak of the climatic treatment of tuberculosis, we do so 
with reverence and divine faith, for we are dealing with a treatment uni- 
versal in its use and as old as the history of man, nature’s most precious 
remedy, a gift from the ‘“Maker’”’ of all things. We think of bright sun- 
shine, air indescribable, intangible in its pureness and fresh fragrance, 
and exhilarating in its effect: the blue sky overhead and the clear atmos- 
phere of high and wide open spaces. Much has been said and written 
on the subject of climatology and tuberculosis, and most physicians have 
a firm belief in this therapeutic measure. While there are some who have 
endeavored to belittle its value, the majority of nonclimatologists only 
go so far as to emphasize the point that tuberculosis can be cured in any 
climate by the proper application of hygienic methods and that change 
to a more favorable climate should not be prescribed at a sacrifice of 
physical and mental comfort (1). 

In locating government institutions for the treatment of tuberculosis, 
climate has always been considered. The Army, Navy and Public Health 
Service, in choosing a site for their tuberculosis hospitals, each selected 
a location in a high altitude. The Army General Hospital for the treat- 
ment of tuberculosis was for years at Fort Bayard, New Mexico, and after 
the War was changed to Denver, Colorado. The Navy at first combined 
with the Army at Fort Bayard and later conducted an institution of its 
own at Fort Lyon, Colorado, until 1922, when it again joined with the 
Army at Denver. The Public Health Service has a tuberculosis hospital 
at Fort Stanton, New Mexico. During the World War, when additional 
tuberculosis hospitals were required by the Army, they were scattered 
throughout the United States, but in regions recognized as suitable cli- 
matically for the treatment of tuberculosis. After the War, these 
hospitals were turned over to the Veterans Bureau, and, when it became 
necessary for the Veterans Bureau to construct additional sanatoria, 
they located them for convenience where most needed, but always with 
the climatic features of the locality in view. In the building of state and 


1 Colonel, Medical Corps, U. S. Army, Fitzsimons General Hospital, Denver, Colorado. 
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municipal sanatoria for the treatment of phthisis, it can be truthfully 
said that although it is the policy to have them reasonably near at hand, 
climate is generally considered, and sites are selected in the country, on 
the elevated slopes of hills, or on ground. higher than the surrounding 
terrain, free from the mists or fogs of river basins, and where the air is 
purest. 

When individuals break down with tuberculosis in the government 
service, the best opportunity is afforded them to get well, and they are 
given the benefit of climatic treatment without any of the expense, pri- 
vations and difficulties which apply to civilian patients in narrowed cir- 
cumstances, and which, in the latter, offset the advantages of climatology. 
In recommending change of climate for phthisical patients, we must be 
guided by their financial status. The treatment of tuberculosis is ex- 
pensive, because it means the best of food, the best of care, and the best 
of surroundings. Patients should not be sent away from home to endure 
hardships and inferior living conditions in order to obtain climatic treat- 
ment. This is often done with disastrous results, but the abuse of any 
therapeutic procedure should not condemn that particular form of treat- 
ment which we know is of value when properly applied. It has often 
been proclaimed that tuberculous patients must cure in the climate or 
locality where they expect to live, because, having recovered their health 
in a western resort, they break down when they return to their homes in 
the east. While this was formerly, and is still not an unusual occurrence, 
it can be explained without condemning climatic treatment. Patients, 
going west and expecting to cure their disease in one or two years, fre- 
quently gained weight and became more or less symptom-free in that time. 
Discharged from a sanatorium, most of them for various reasons returned 
to their homes and to climates less favorable, only to become ill again. 
But were they so well healed as the doctors led them to believe? No 
doubt they graduated from their sanatorium, still harboring a pulmo- 
nary cavity which our modern X-ray diagnosis has taught us is not an 
uncommon observation in spite of an appearance of health, good general 
condition, mild symptoms and negative physical signs of cavity. No 
patient who has a cavity can expect to return to the normal condition of 
life without the probability of a haemorrhage or a reactivation of his 
arrested tuberculosis sometime in the near future. 

We are justified in stating, therefore, that climate plays a réle in the 
treatment of tuberculous government patients; those to whom it is 
granted by state, municipal and various benevolent organizations, or 
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private patients who can afford it. It may only be rated as 5 or 10 per 
cent in comparison with other methods of treatment, but this small per- 
centage may be the deciding factor in the cure ofacase. It is conceivable 
that an individual leading a leisurely out-of-door and well-regulated life 
can develop pulmonary tuberculosis. For recovery he must make a pro- 
motion in his resistance and a change to some climatic resort may be 
necessary. On the other hand, if a laboring man, living in the over- 
crowded tenements of a large city, breaks down with the disease, treat- 
ment in a sanatorium a few miles out of the city may be all that is re- 
quired. 

As the most favorable climate for the treatment of tuberculosis, we 
have in mind a climate with change of season, a dry climate so that the 
heat of summer is not depressing and the cold of winter, while stimulat- 
ing, can be endured in comfort, a climate with a maximum amount of 
sunshine, because heliotherapy is of importance in the treatment of tu- 
berculosis. Fine weather and bright sunny days have a good psychical 
effect on tuberculous patients. Such climates must be sought in high 
altitudes of several thousand feet or more. The amount of water in the 
atmosphere diminishes as the distance above sea-level increases, and 
this greater dryness of the air makes it easier for the body to lose heat 
by evaporation. The loss of superfluous body heat takes place more 
rapidly in dry air and at the same time the cold of dry air is more easily 
borne than the cold of moist air. The therapeutic effect of high alti- 
tudes may, therefore, be attributed to dryer heat, dryer cold, and in- 
creased sunshine. 

By considering extremes, it must be admitted that climatic conditions 
exist which are favorable for the development of manifest tuberculosis, 
and, therefore, unfavorable for the cure of the disease when it becomes 
manifest. Taking as an example the effect of the tropics on the white 
man, we know that tuberculosis is a frequent disease among our white 
troops in the tropics, although they live more in the open. This is shown 
in the Annual Reports of the Surgeon General year after year. Although 
only about one-fifth of our white troops are usually serving in our tropical 
possessions, about one-third of the cases of tuberculosis occurring in the 
Army come from the tropics. Cases of tuberculosis, detected fairly 
early and returned to the United States, frequently improve markedly 
en route and arrive home already quiescent. With marked symptoms of 
the disease when first discovered, such a decided increase in resistance 
results from change of climate that they often arrive home closed: and 
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inactive cases. After recovery, the disease almost invariably recurs if 
tropical service is again attempted. 

Certain favorable factors in climate are frequently offset by such dis- 
agreeable features as high winds, dust or sand storms, fogs and extreme 
heat in summer. Thus, in seeking a desert climate on account of its 
dryness, the patient may be subjected to excessive hot spells and sand- 
storms, or on high plateaus the high winds may be disagreeable for the 
patient living out of doors. Some regions may be ideal in winter but 
unbearable in summer, requiring a seasonable change of residence. In 
regard to national institutions, it is naturally of primary importance that 
they be located in a region noted for its general all-year-round favorable 
climate, inasmuch as they receive patients from all parts of the country 
and could not be placed in the position of transferring them from a 
favorable to an unfavorable climate. Tuberculous patients usually make 
greater progress during the cold stimulating winter season and do not 
feel as well throughout the hot weather of summer. Climates with a 
predominance of cold days are therefore to be preferred to tropical or 
semi-tropical types of weather. 

It is the purpose of this paper to discuss impartially the question of 
climatotherapy in tuberculosis. There are some who hold that climate 
has no place in the treatment and others who claim that it has an almost 
specific influence. The truth probably lies between the two extremes. 
In answer to those who deny that climate is of any benefit, we must call 
attention to the fact that good ventilation, fresh and pure air is a hy- 
gienic principle for the maintenance of good health taught in all civilized 
communities, and no one can deny that the air is purer bacteriologically 
and chemically in the mountains, open seas, deserts and arctic regions; 
also that the air is dryer and more favorable for outdoor living in high 
altitudes. In treating tuberculosis, we do everything to improve the 
health of the patient, because we can only attack the tubercle bacillus 
through the resistance and protective forces of the host. He who denies 
that climate is of benefit in the treatment of tuberculosis must, therefore, 
claim that the practice of sending underdeveloped and anaemic children 
from the slums of large cities into the country is of no value, the health 
principle of ventilating school buildings is erroneous, and a vacation 
spent in the woods or at the seaside does no good. On the other hand, 
when we laud climate as a specific, we are probably equally in error. It 
has been affirmed and rejected that blood-pressure is increased in high 
altitudes, that the red blood cells are increased, that the lymphocytes are 
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increased, that metabolism is increased, etc. As long as such factors are 
not generally accepted or proved, they should be left out of the discus- 
sion and our claims for climate should be based on evidence which is 
irrefutable. In government institutions, while we appreciate the im- 
portance of climatic treatment, we hesitate to stress it too much for fear 
that it will lead our patients to neglect the essentials in treatment, such 
as rest, fresh air, and proper living; ‘‘chasing climate,” so to speak, in- 
stead of “chasing the cure” (2). Quite often, patients break every rule 
of treatment and yet make good recoveries. Shall we attribute this to 
climate? By those arguing against climate, it is often stated that over 
three-fourths of those who have tuberculosis cannot take advantage of 
climate, and yet many recover, as shown by clinical experience and demon- 
strated by healed lesions found at autopsy. Tuberculosis developing 
against a high natural resistance may be easily healed, but, remember, 
there are cases which require every therapeutic aid to turn the tide to- 
ward recovery. 

It must be admitted that it is very difficult to prove in a scientific 
way the value of climatotherapy, and we must rely on the process of 
reasoning, the testimony of the patients, the experience and conviction 
of those tuberculosis specialists practising in health resorts, and the fact 
that it is a form of treatment in tuberculosis which has been transmitted 
from generation to generation and has stood the test of time (3). Mor- 
tality statistics are so complicated and so many factors enter into their 
production and composition that slight and moderate differences in the 
tuberculosis death-rate for a certain locality cannot be accepted as con- 
clusive evidence for or against climate. Yet, when we compare the 
United States mortality statistics of various states regarding tuberculosis 
with the tuberculosis mortality among the indigenous population of 
Colorado, we find a marked difference. This was brought to my atten- 
tion by a Denver tuberculosis specialist who remarked that if climate 
could prevent tuberculosis it would also be expected to assist in its 
cure (4). 

Physicians practising in western sanatoria who have had previous ex- 
perience in eastern institutions are impressed by the general well-being 
of the patients, by the infrequency of night-sweats as a symptom of con- 
sumption observed in western resorts; and, as their acquaintance grows 
among the older residents of western health communities, they are sur- 
prised with the number who came west years ago before the days of the 
sanatoria and modern treatment of tuberculosis and recovered through 
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nothing more than change of climate. Lawyers, doctors, business men 
and ranchmen tell a like tale and are convinced that the climate healed 
their lungs. Heliotherapy, no doubt, plays some part in the therapy of 
tuberculosis, especially in the extrapulmonary forms of the disease, and 
no one can deny that the facilities for applying heliotherapy are greatest 
in the high and dry altitude of the western plateaus, where the sun shines 
brightly almost every day in the year. We often fail to reflect that what 
is good for pulmonary tuberculosis is true for other forms of the disease, 
that hygienic treatment is just as valuable for bone, joint and genito- 
urinary tuberculosis, and that the so called cases of surgical tuberculosis 
should have the same careful and prolonged general treatment which 
we are so particular about in healing lesions of the lungs. 

Not long ago the National Jewish Hospital of Denver, Colorado, was 
required to answer a question regarding the value of climate in the 
treatment of tuberculosis presented by one of their eastern representa- 
tives; and, after conferring with members of their Medical Advisory 
Board, consisting of Doctors Sewall, Levy, Simons and Bronfin, compiled 
a letter from which I will quote at length: 


Climate has been considered an important aid in the cure of tuberculosis, not 
only in ancient times but also in the modern times as evidenced by the estab- 
lishment of sanatoria in favorable localities by such men as Brehmer and Dett- 
weiler on the Continent and Trudeau in this country. To these we might add 
that when the United States Government and the great Fraternal organiza- 
tions and religious bodies provide for the segregation and care of tuberculosis 
invalids they consistently place their sanatoria in places having reputations 
as health resorts. Few comparative studies have been made to show the 
difference in results obtained in Eastern, Western and Southwestern institu- 
tions that were satisfactory because the clinical material studied was not com- 
parable. One of these studies was by Doctor James Alexander Miller (5) (6), 
who, though no advocate of climate, concludes that although “regimen, regu- 
lar rest and exercise, proper food and open air life are fundamental in the 
treatment of tuberculosis, suitable climate makes this open air life more easy, 
enjoyable and beneficial.” Also when “‘these essentials are insured a change of 
climate is of definite value in a considerable number, probably in the majority of 
cases.”’ ‘True, he states that many cases do well in any climate but it is obvi- 
ous from his preceding statement that there is an advantage in suitable cli- 
mate. Since fresh air, sunshine and an out-of-door life are recognized essen- 
tials to the welfare of the tuberculous patient, any climate which offers the 
patient the maximum of these essentials enhances his chances for recovery. 
Our Colorado climate, as in fact this entire Rocky Mountain Region, offers 
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sunshine, etc., to a maximum degree as can be readily seen by meteorological 
reports. Certain blood changes have been shown in patients after coming to 
high altitudes which are generally regarded as beneficial in winning the battle 
against tuberculosis. The work of Webb (7) is notable in this particular 
. . . In 1923 Doctor Henry Sewall pointed out that the mortality in Colorado 
of native tuberculosis was only 30.8 per 100,000 population as compared to 
147.5 for the registration area of the United States and after presenting other 
figures Doctor Sewall concludes that “climate may offer an environment pecu- 
liarly beneficial to the needs of tuberculous patients.” It is generally known 
that the wealthy classes, when afflicted with tuberculosis, avail themselves of 
climatic advantages. The poorer classes have often failed in their search for 
health because of their inability to obtain the necessities of rest and proper 
food when removed from home. They were obliged to work and were denied 
proper treatment. Now, however, when sanatoria are free to them supplying 
every necessity, unfavorable results have been replaced by favorable ones. 
How much or how little of a part the psychological factor in the treatment of 
disease plays it must be admitted that it is of considerable importance and is 
often a determining factor. The poor man realizing that the wealthy classes 
obtain that which is denied him is often discouraged to the extent of diminish- 
ing his chances for recovery, whereas if he were given the same opportunities 
that his more fortunate brother has, he would probably be able to make the 
grade. Mental content is of paramount importance in the treatment of tu- 
berculosis. Our experience shows that the very fact of their having been far 
enough away from home not to be annoyed by the usual worries that there 
surround them is an additional factor in their favor towards recovery. The 
constant attendance of the family is apt to become harmful and intolerable 
and with few exceptions, peace of mind is best obtained by removing them 
from their home environment. It has often been observed that when patients 
attempted to return home and to work in order to be self supporting they 
failed, whereas it was found that upon returning to Colorado and engaging 
in work which frequently was more arduous than their previous occupation they 
seemed to do well and the disease to remain at least stationary. Colorado and 
this region are full of physicians who came here to benefit their own health or 
that of some member of their family and have remained here for the rest of their 
lives in active practice. This is offered as one of the best practical tests of the 
value of climate. Denver, as many other cities in the West and Southwest, 
was built by health seekers. Cases in which unfavorable results were obtained 
were often found to be in those who were unable to surround themselves with 
the advantages of a good sanatorium. Over 90 per cent of patients who come 
to the free institutions of Denver are far advanced cases with an average dura- 
tion of their tuberculosis of five years. Over 60 per cent of these patients 
had had residence in sanatoria elsewhere. It is unfair to charge their failure 
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to improve in Colorado to climate. Had these patients been sent to a favorable 
climate before losing their chances of recovery in Eastern institutions, it is 
safe to say that a large per cent of them would have been greatly benefited. 
The above is written with no notion of entering into a controversy over a much 
mooted question. It represents simply and briefly our convictions. Theoreti- 
cal arguments may be advanced pro and con but in the absence of proved 
scientific observations all made with proper and sufficient control, the result of 
practical experience should weigh heavily in arriving at a conclusion for action. 


There are certain phases in climatic treatment which deserve considera- 
tion. Change of climate and change of scene in themselves, regardless of 
the character of the change, are often valuable in treating tuberculosis 
(8). We occasionally have patients leave the hospital for a visit home, 
going to a greatly inferior climate, and return very much improved in 
health. While there are climatic resorts favorable for the majority of 
patients, no one climate is just suitable for all. Some patients unques- 
tionably do better at sea-level or at lower altitudes, and others thrive 
where it is high. The climate of Denver, with an altitude of around 
5,280 feet, probably answers well the attributes of a climatic resort. It 
is dry, has a maximum of sunshine, pure mountain air, and seasonal 
changes, but with cool, stimulating weather the year around. In summer, 
if the days are warm, the nights are alwayscool. Health-seekers coming 
to Denver can always receive the attention of competent tuberculosis 
specialists. Patients with weak hearts, cases with extensive fibrosis 
and emphysema, highly neurotic individuals, and those with arterio- 
sclerosis and nephritis will probably do better in lower altitudes with a 
more equable climate. There is another factor in the climatic treatment 
of pulmonary tuberculosis which is by no means an unimportant one, 
that is, the inborn faith and belief which the average person has in this 
method of cure. It supplies a feeling of security and hopefulness which 
carries them through a trying period when their fears are great and their 
spirits low. It is a mental cure and of good consequence when used 
wisely along with the basic physical methods. This belief in climate is 
particularly conspicuous among doctors when they themselves acquire 
the disease. ‘Two decades ago it was said that about 50 per cent of the 
physicians came to Denver on account of tuberculosis and most of them 
recovered at least sufficiently to lead the busy and strenuous life of a 
physician and surgeon. In 1908 Doctor A. C. Magruder (9) of Colorado 
Springs made a survey of the physicians of Colorado, sending out 1,653 
questionnaires and receiving 504 replies. Of these, 32.7 per cent-came to 
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Colorado for tuberculosis in themselves or some member of their family. 
A recent survey made by myself by means of questionnaires sent to each 
of 563 physicians registered in Denver elicited replies from 550. No 
answer was received from 5 and 8 refused to give the information re- 
quested. The result of this survey is shown in the following table: 


BELIEVES IN CLI- 
CAME TO COLORADO ACCOUNT OF HEALTH RESULT OF RESIDENCE IN COLORADO MATIC TREATMENT 


Family Self 


Not stated 


Not stated 


° 
a 


is 


| Improved 
| Unimproved 


| Arrested 
iS) | Inactive 


14 


NS 
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45 501 85 | 461 
9.3% 17.6% 


550 550 130 (27%) 550 


Doctors born in Colorado: 68. 


Sixty-eight of the doctors questioned were born in Colorado: 130 (27 
per cent), based on 482 not coming from the state, are here on account of 
tuberculosis, 85 in themselves and 45 for some member of their family; 
511 (92.9 per cent) replied that they believed in the climatic treatment of 
tuberculosis; 14 (2.5 per cent) stated they did not believe in the climatic 
treatment of tuberculosis; 25 (4.5 per cent) did not answer the question. 
The result of this survey would certainly indicate that western physicians 
sponsor climatic treatment, and, when members of the medical profes- 
sion develop tuberculosis themselves or are confronted with the treatment 
of the disease in some one of their family, they seek the benefit of climate. 
Unlike many others, as a rule, they do not linger and finally use climate as 
a last-resort treatment. Patients of limited means frequently take their 
cure at or near home and, when they fail to recover, migrate in an ad- 
vanced and terminal condition to some health-resort. They go full of 
hope and expectancy, even leave excellent institutional care to live in 
some inexpensive boarding house without proper medical attention. 
The result is sad and tragic. Their lives are shortened and much suffer- 
ing occurs. This phase of health-seeking has caused the Chambers of 
Commerce and civic organizations in our western municipalities to cease 
stressing climatic advantages,—in fact, to discourage the acquirement of 
new citizens by this means. The advertisement of climate in the cure of 
tuberculosis is not so common as formerly and, as the result, tuberculous 
practice has decreased in the West. When we pause to reflect, however, 
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we can readily think of other reasons for this change. No doubt clima- 
tology, as far as tuberculosis is concerned, isn’t advocated by eastern 
physicians as much as in the old days. The modern treatment of tu- 
berculosis was then just beginning. Only the incipient cases were con- 
sidered worth while treating. Most sanatoria would not accept the 
advanced consumptives, by far in the majority, and the physician on his 
part had little to offer. No wonder, therefore, that many victims of the 
disease turned to nature and sought the help of climate. Now we have 
a well-established and definitely formulated hygienic regimen for our 
patients, which gives results, and, above all, collapse therapy has made a 
revolutionary advance in our treatment. The outlook for the consump- 
tive is brighter, even for the advanced cases, and they are no longer in- 
fluenced by lack of treatment and reassurance to come West. The well- 
to-do still come. They are the ones who can afford it and we might say 
profit most. However, this turn of events has worked to one disad- 
vantage. Toa certain extent it has shaken the popular faith in climatic 
treatment and lessens the good psychological effect which prevailed in 
former times. It has been stated that a tuberculosis specialist’s views 
on the therapeutic benefits of climate depend on where he is practising. 
If it is part of his stock in trade, he naturally lauds the virtues of the 
climate in the particular region of his practice and by his own enthusiasm 
arouses the same hope and firm belief in the minds of his patients. This, 
in some instances, is the keystone which prevents the collapse of the 
entire structure of treatment and leads to recovery in the end. 
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THE BLOOD-SEDIMENTATION TEST IN THE MANAGE- 
MENT OF THE PNEUMOTHORAX PATIENT!? 


J. W. CUTLER 


The usual criteria are of little help in estimating the activity of a 
tuberculous lesion in a lung treated by artificial pneumothorax. When 
the diseased lung is put at rest constitutional symptoms usually disap- 
pear, and the physical signs and X-ray appearances reflect, not the 
pathological process, but the induced collapse. 

How to advise such a patient, when and how far to limit exercise, 
when to permit a return to active life, are some of the most difficult 
problems that confront the chest specialist because of the uncertainty 
he feels in estimating activity. At present he must feel his way step 
by step, prescribing a few minutes’ exercise at a time and observing 
its effect closely until the patient is able to perform the ordinary require- 
ments of life over a reasonable period without a recurrence of constitu- 
tional symptoms, when the case is considered arrested. This is the usual 
course of the average patient receiving artificial-pneumothorax treat- 
ment. In the sedimentation test (1) (2), however, the physician has an 
objective method for estimating the activity of the tuberculous process 
in the compressed lung after constitutional symptoms have disappeared. 
By its proper interpretation he can replace an empirical by a more 
rational method in treating the pneumothorax patient. 

For the past three and a half years I have studied the sedimentation 
test in a group of 131 patients for varying periods of time after instituting 
artificial-pneumothorax treatment, and have learned to use it as an index 
of the progress or retrogression of the lesion. An abnormal sedimenta- 
tion graph can be relied upon as an index of constitutional disturbance, 
and always suggests the need for immediate measures. A return to a 
normal graph is an index of quiescence. Clinical experience has shown 
that a patient with a rapid sedimentation rate, even in the absence of 


1From the Henry Phipps Institute, University of Pennsylvania, Philadelphia, Pennsyl- 


vania. 
2 Presented before the Section of Medicine of the College of Physicians, Philadelphia, 


Pennsylvania, January 25, 1932. 
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other indications, should be treated like a patient with signs and symp- 
toms; when it becomes normal he should still be kept under careful 
observation for some time to ensure stability. The material studied was 
collected at the Henry Phipps Institute of the University of Pennsy]l- 
vania, Philadelphia, the Northern Liberties Hospital, Philadelphia, the 
Eagleville Sanatorium, Pennsylvania, and to a large extent in private 
practice. 


TECHNIQUE 


The 1-cc. Cutler graphic technique (3) was followed throughout. 
This technique is very simple and can be carried out by the physician 
in his office without difficulty. The essential features are as follows: 


Specially designed sedimentation tubes of 1-cc. capacity® are used, graduated 
into 50-mm. divisions, with 0 at the 1 cc. level, each mm. indicating 0.02 of 
1 cc. One-tenth of 1 cc. of a 3 per cent sodium-citrate solution and 0.9 cc. of 
blood, obtained by puncture of a suitable vein, are gently mixed in a 2-cc. 
syringe and ejected into the sedimentation tube. The position of the sedi- 
menting column of erythrocytes is determined every five minutes for one hour. 
The observations are recorded on charts* that have been designed for the pur- 
pose, on which the horizontal lines represent the divisions on the tube and the 
vertical lines the intervals of time (figure 1). Graphs are then constructed, 
which not only show the position of the sedimenting column of erythrocytes 
at any period of time during the first hour, but also portray the changes in 
velocity that occur during the process of sedimentation. 

Four distinct graphs are recognized, a horizontal line, a diagonal line, a 
diagonal curve, and a vertical curve. It has been shown in previous studies 
(1) (2) (3) that, of these, the horizontal line alone is normal, and the other 
three graphs are always abnormal findings and in tuberculosis indicate different 
degrees of intensity of the pathological process. A diagonal line with an 
index of 15 mm. or less (total sedimentation at the end of one hour) is indicative 
of quiescent tuberculosis. A diagonal line with a high index, that is, more than 
15 mm.., is indicative of slightly active tuberculosis, and a diagonal and vertical 
curve of moderately and markedly active tuberculosis respectively. For 
greater detail the reader is referred to the earlier communications. 


CLASSIFICATION OF PNEUMOTHORAX PATIENTS 


One of the first problems that presented itself was the adoption of a 
satisfactory clinical classification of the material studied, for it was felt 


8 The blood-sedimentation tubes may be obtained from the Arthur H. Thomas Co., Phila- 
delphia, and the charts from John Hartenstine, Norristown, Pennsylvania. 


136 J. W. CUTLER 


that a true estimation of the sedimentation test must depend largely upon 
how closely the clinical classification defined the course of the disease. 
Any classification of tuberculous patients must of necessity be arbitrary. 


BLOOD SEDIMENTATION CHART cuter, 
Date. 


Tube No. 
TD 


CORRESPONDING CLINICAL CONDITION 
| Normal or Absolute Quiescence 
Quiescent to Slightly Active 
Slightly to Moderately Active 
Moderately to Markedly Active 


TIME IN MINUTES 
10 15 20 25 30 35 40 45 SO S5 60 


REFERENCE. The grephic method for the blood sedimentation test. Am. Rev. Tubsse., 1544 (May) 1929, 
Published and for sale vy Mertenstine, Nerriscown, Pa. 


Fic. 1. Typical graphs of blood sedimentation; a, horizontal line; 5, diagonal line; ¢, 
diagonal curve; d, vertical curve. Of these the horizontal line alone is normal; the other 
graphs are always abnormal and indicate different degrees of the severity of the disease. 


This is particularly true of patients receiving artificial-pneumothorax 
treatment, for which no satisfactory classification has yet been proposed. 
A classification was adopted that seemed to be as simple and direct as 


Add: 
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possible, and was based upon both clinical and roentgenological findings, 
as follows: 
Clinical Classification of Pneumothorax Patients 


I. Unilateral tuberculosis II. Bilateral tuberculosis 

1. Satisfactory collapse 1. Satisfactory collapse 
a. Working a. Working 
b. Improved b. Improved 
c. Unimproved c. Unimproved 

2. Unsatisfactory collapse 2. Unsatisfactory collapse 
a. Working a. Working 
b. Improved b. Improved 
c. Unimproved c. Unimproved 


The patients were first classified into two main groups, according to 
X-ray evidence: those with unilateral tuberculosis and those with bilat- 
eral tuberculosis. Each of these main groups was then subdivided into 
two subgroups, depending upon whether or not the diseased part of the 
treated lung was satisfactorily collapsed. The patients in each sub- 
group were further grouped as working, improved, or unimproved. By 
improvement is meant freedom from constitutional symptoms and X-ray 
evidence of retrogression of the lesion. By constitutional symptoms are 
understood the following: (1) temperature of 99°F. or more; (2) pulse 
rate of 90 or more; (3) symptoms of toxaemia, such as lack of appetite, 
malaise, night-sweats, fatigue, loss of weight and strength. By unim- 
proved patients are meant those in whom constitutional symptoms have 
persisted or, lacking constitutional symptoms, in whom the X-ray has 
shown no retrogression of the lesion or revealed new areas of involve- 
ment. Patients, who at first improved but later suffered a spread of the 
disease in the “good” lung to the extent that clinical symptoms devel- 
oped, and those who developed some other tuberculous complication were 
classified separately under the heading of relapse. 

After classifying the material studied in accordance with the above 
scheme, the frequency with which the different sedimentation curves 
were observed in each clinical group was then determined. The result 
is shown in table 1. It is evident that the sedimentation test in general 
paralleled the course of the disease, and that the better the clinical condi- 
tion of the patient, the more normal the graph, and vice versa. 


PATIENTS WITH UNILATERAL TUBERCULOSIS AND UNEVENTFUL RECOVERY 


Sixty-three patients had advanced, active tuberculosis limited to one 
lung, and were greatly improved after the diseased lung was put at rest 
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by artificial pneumothorax. At the present writing 29 of these patients 
are earning their livelihood. The remaining 34 are free from symptoms 
but have not been under treatment sufficiently long to warrant a return 


TABLE 1 
Classification of pneumothorax patients 
The sedimentation test in general parallels the course of the disease: the better the clinical 
condition of the patient, the more normal the graph, and vice versa. 


GRAPHS 


CLASSIFICATION BASED ON CLINICAL AND | NUMBER , . 
ROENTGENOLOGICAL FINDINGS OF CASES | 

tal line Index curve 

>15 mm. 


Unilateral tuberculosis, good col- 
lapse (63): 

i 28 (97% )|1 (3%) 

17(50%) |10(29%) |3(9%) |4(12%) 


Bilateral tuberculosis, good col- 
lapse (17): 

1(33%) |1(33%) 1(33%) 

Improved 7(58%) |4(33%) |1(9%) 

Unimproved 1(50%) |1(50%) 


Unilateral tuberculosis, unsatis- 
2 (100%) 


2(22%) |4(447%) |3 (34%) 
1 (33%) |2(64%) 


Improved 5(28%) |9(50%) |4(22%) 
Unimproved 5 (100%) 


Relapse (14): 
Acute effusion......... ; 2(66%) |1(34%) 


Progression of disease in opp. 
3 (27%) |5(46%) |3(27%) 


to active life. They have been classified as improved. This group will 


be discussed later. 
In the group classed as working the sedimentation rate paralleled 


clinical improvement and eventually returned to normal, although in 


Vertical 
curve 
Bilateral tuberculosis, unsatis- 
factory collapse (23): 
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many instances it remained rapid for months after subsidence of the 
tuberculous process was evidenced clinically by normal pulse and tem- 
perature, gain in weight, and a general absence of constitutional symp- 
toms usually associated with activity in tuberculosis. It was strikingly 
brought out in this group that in every instance the sedimentation rate 
was the last objective finding to return to normal once improvement had 
begun. The following case is illustrative. 


S. P., age 16, was taken ill with acute exudative tuberculosis, involving the 
right lung and complicated by severe haemoptysis on November 29, 1929; 
temperature 103°; pulse 120. The left lung was normal. After two weeks’ 
observation, during which time his disease did not abate in severity, artificial 
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Hosp. 
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102% 


101% 


100% 


oz. viii 


99° 
Normal 
98° 


Fic. 2. Daily temperature curve in a case of acute tuberculosis treated by artificial pneu- 
mothorax (indicated by arrow). 


pneumothorax was instituted. Almost immediately he began to show symp- 
tomatic improvement. Within two months his temperature and pulse were 
normal and have remained so ever since. During the two years that he has 
been under observation he has gained 38 pounds, and has no symptoms, except 
slight morning expectoration, free from tubercle bacilli. 

The sedimentation rate was definitely rapid before treatment was started, 
and remained practically unchanged for the next three months, in spite of the 
rapid clinical improvement. At the end of that time the test began to show 
slow but steady improvement, and during the next three months changed from 
a diagonal curve to a diagonal line. It was not until eleven months after the 
institution of treatment that the sedimentation rate returned to normal, in- 
dicating quiescence of the pathological process. : 
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Figure 2 represents the clinical course of the temperature curve during 
the first thirty days of treatment and gives an idea of the acuteness of 
the tuberculous lesion and of its response to treatment. 

Figure 3 represents the relative rapidity with which the temperature, 
weight and sedimentation reaction returned to normal. The tempera- 
ture as a representative symptom of toxaemia was the first to subside. 
The sedimentation rate, on the other hand, did not recover until nine 
months after the temperature was normal and other signs of toxaemia 
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Fic. 3. Clinical course during the first year of treatment by artificial pneumothorax, 
illustrating the relative rapidity with which the temperature, weight and sedimentation rate 
returned to normal. The temperature, as a representative symptom of toxaemia, was the 
first to subside. The sedimentation rate, on the other hand, did not recover until nine months 
after the temperature and other signs of toxaemia were absent. (Same patient as in fig. 2.) 


were absent. It was for months the only indication of the pathological 
state of the compressed lung. 

Figure 4 depicts the course of the sedimentation curve during the first 
year of treatment, as recorded upon one chart, and shows what an ex- 
cellent method we have in the sedimentation test for visualizing steady 
improvement in favorable cases. The graph serves as a permanent, 
objective record of the constitutional response to treatment, reflecting 
the general well-being of the patient at any given time irrespective of 
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symptoms. The shaded area of the chart indicates the sedimentation 
curves obtained during the absence of clinical signs and symptoms, at a 
time when something was desperately needed to indicate the true condi- 
tion of the compressed lung. Without the sedimentation test the clini- 
cal management of this case would have been much more difficult. 

In some instances the rate of sedimentation may be increased in the 
early part of treatment by artificial pneumothorax. This probably can 


CORRESPONDING CLINICAL CONDITION | SEDIMENTATION | SEDIMENTATION 
Normal or Absolute Quiescence TIME INDEX 
Quiescent to Slightly Active 
Slightly to Moderately Active MM. 
Moderately to Markedly Active 
TIME IN MINUTES Sed. 
Index 


10 158 20 25 30 35 40 45 50 55 60 
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Fic. 4. Sedimentation graphs obtained during first year of treatment by artificial pneu- 
mothorax. The shaded area indicates the sedimentation graphs obtained during the absence 
of clinical signs and symptoms. (Same patient as in figs. 2 & 3.) 


be attributed to the anatomical changes that take place in the compressed 
parts of the lung. In the beginning of treatment by artificial pneumo- 
thorax we occasionally observe also an increased amount of sputum and 
a rise in temperature, and “it appears highly probable that the aug- 
mented destruction of tissue, due to inflammatory demarcation in the 
compressed areas, leads to a temporary increase in sinking velocity”’ (4). 
This temporary increase in the rate of sedimentation can be easily distin- 
guished from the progressive and permanent increase by subsequent tests. 
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In the group of 34 patients classified as improved, the sedimentation 
graph varies from the normal horizontal line, indicating quiescence of 
the tuberculous lesion, to the diagonal curve, indicating moderate 
activity, with the majority (79 per cent) having graphs representative 
of quiescence. This is readily understood when one keeps in mind that 
in this group are patients who have been under treatment for varying 
periods of time. Some of them are permitted considerable exercise and 
are well on the road to recovery, but not sufficient time has elapsed to 
warrant a return to active life; others are still in bed. Every patient, 
however, has shown marked clinical improvement following the induc- 
tion of artificial pneumothorax. 

It is not unusual to see patients with far-advanced lesions, with 
excavation, with marked constitutional symptoms, lose their symptoms 
or have these materially lessened, and clinically appear much improved 
after a brief stay in a sanatorium. What happens under ordinary treat- 
ment happens even more dramatically under artificial pneumothorax, 
which is the most complete form of rest that can be given to a diseased 
lung. Enforcing rest in tuberculosis is in part like giving a patient with 
acute appendicitis a dose of morphine. All the symptoms are masked 
by the narcotic but pathological activity may go on just the same, and 
after the morphine loses its effect the clinical manifestations of activity 
return. Rest widens the gap between the clinically manifest and the 
clinically concealed pathological activity. 

It is for this type of patient that the sedimentation test is most needed. 
During this period of quiescence the physician cannot rely upon tem- 
perature or pulse-rate, because both are normal. There are no constitu- 
tional symptoms to guide him. Physical signs and X-ray findings are 
those of the induced collapse and not of the diseased lung. Judgment 
must be based on clinical experience and caution. If, therefore, the 
test is of value in helping the physician estimate activity and replace 
uncertainty with certainty, it should be welcomed as a valuable addition 
to the treatment of pulmonary tuberculosis. That the sedimentation 
test is a delicate measure of activity is evident from the results shown 
in the table and the accompanying illustrations and case-reports. 


PATIENTS WITH UNILATERAL TUBERCULOSIS AND WITH UNSATISFACTORY 
COLLAPSE 


In this group are included 14 patients. In every instance adhesions 
prevented successful collapse of the diseased part of the lung. In some 
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instances there was marked clinical improvement, as judged by absence 
of fever, disappearance of cough and expectoration, and gain in weight, 
but on X-ray examination large cavities were found uncollapsed, their 
walls held out by adhesive bands to the chest-wall. In such cases 
sedimentation invariably continued rapid and its importance in the 
management of these patients became evident. Time and time again, 
as proved by subsequent events, it was the only warning amid otherwise 
favorable clinical signs that the tuberculous lesion was not yet quiescent. 

From the experience gathered with this test, it was soon realized that, 
whenever the sedimentation rate failed to show steady improvement but 
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Fic. 5. Sedimentation graphs obtained during the course of chronic pulmonary tubercu- 
losis treated by artificial pneumothorax but with little or no improvement. (See text.) 


remained either fixed or increased in rapidity, the disease in the collapsed 
lung was still active and extreme caution was necessary in prescribing 
exercise. The following are instructive illustrations: 


J. D., age 35, first came under observation in February, 1929, with far-ad- 
vanced tuberculosis of the right lung. He “cured” at home and in different 
sanatoria for nearly two years without marked improvement. After three 
weeks’ observation, during which time his temperature reached 100°F., arti- 
ficial pneumothorax was induced. At that time his weight was 93 per cent 
and his sputum positive. The sedimentation was a diagonal curve, indicating 
.a moderately active lesion (A, figure 5). 
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Within six weeks after the institution of artificial pneumothorax the pa- 
tient’s temperature and pulse were normal, and he gained steadily in weight 
and was free from all symptoms, with the exception of a little morning expect- 
oration, which was positive for tubercle bacilli. His condition remained un- 
changed for the next five months and in the meantime he reached four hours’ 
exercise. According to the patient’s own statement he “never felt so well in 
his life.” 

The collapse, however, was not so satisfactory as it might have been. Al- 
though a fairly large cavity in the upper lobe was greatly reduced i in size, it 
was not completely collapsed because of adhesions. 

During the seven months that this patient’s clinical tabillllion improved 
steadily, with ability to handle constant increases in exercise, the sedimentation 
test indicated little pathological improvement and remained practically fixed 
as a diagonal curve (B, figure 5). On August 28, 1929, seven months after 
treatment was started, he developed sudden high fever with increase in cough 
and expectoration. Soon afterward the lower lobe underwent unexplained 
partial expansion and became adherent to the chest-wall. On September 3, 
1929, fluid, both free and encapsulated, could be seen at different levels in the 
lower half of the right pleural cavity. Eventually the disease subsided but not 
until after more involvement could be demonstrated in the right lung. It is 
significant that the sedimentation rate was the most striking and most con- 
stant indication of an unsatisfactory condition. 


A. F., female, age 33, first came under observation in December, 1928. She 
had far-advanced tuberculosis of the left lung, with a large cavity, 3 x 5 cm., 
occupying the upper half of the upper lobe. The right lung, although showing 
a few deposits around the hilum in the X-ray plate, was free from physical 
signs. Artificial pneumothorax of the left lung was started in March, 1929. 
The patient has improved remarkably under treatment, but the cavity is only 
partially collapsed, and rales are still easily detected over the upper and inner 
two-thirds of the left anterior chest. At the present time the patient has no 
cough and has only occasional expectoration free from tubercle bacilli. She 
feels well, but is kept at rest and not permitted exercise because the sedimenta- 
tion rate still remains definitely abnormal, with an index of 17 mm. Failure 
to heed this warning, about 18 months ago, resulted in a serious relapse, with 
definite increase in cough and expectoration and the appearance of clinical 
symptoms of toxaemia, such as fever, tiredness and lack of appetite, and an 
increase in the size of the cavity. In this case again the sedimentation rate 
paralleled the clinical course of events. Before treatment was started and at 
a time when the patient was obviously ill clinically, the sedimentation test 
showed a diagonal curve with an index of 28, indicating a moderately active 
tuberculosis. Lagging behind clinical improvement but running parallel 
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with it, the index slowly reached 17 mm. on August 4, 1929. At that time, 5 
months after treatment was started, the patient was in good clinical health and 
was taking six hours’ exercise. After that the sedimentation rate slowly in- 
creased again, but it was ignored because it did not correspond to obvious 
clinical facts. For some time the patient remained in “good health,” and there 
were no warning signs of the impending disaster. Slowly but surely the 
sedimentation rate increased, and again reached an index of 27 mm. in June, 
1930, and by that time the patient was again clinically ill and had to be sent 
back to bed. 

Warning clinical symptoms did not appear until six months after the sedi- 
mentation rate gave the first inkling of an unsatisfactory state of affairs. 
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Fic. 6. Varying sedimentation rate as expressed by its index in a patient with clinical 
improvement, followed by relapse and subsequently followed by improvement. 


With complete rest in bed and continued artificial-pneumothorax treatment, 
the patient has recovered most of the lost ground. She is again free from 
symptoms and looks well. The sedimentation index, however, has never been 
less than 16 mm. and for the past six months has practically remained fixed 
at that rate. Apparently the patient has reached the maximum amount of 
benefit that it is possible to obtain without a greater collapse of the cavity. 
The sedimentation test here proved itself the only reliable warning of impend- 
ing disaster in the midst of clinical well being and comfort. 


Figure 6 represents the varying sedimentation rate obtained during 
the two and a half years that this patient has been under treatment as 
expressed by the sedimentation index in millimetres. 

At this point it is worth stressing the marked psychological effect that 
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the sedimentation test has upon the patient when it is properly presented 
to him. He can see for himself the progress that he is making and 
whether his disease is responding to treatment. Should the test indicate 
activity he is more easily reconciled to a life of semiinvalidism for an 
indefinite period, in spite of a feeling of well-being. He is made to feel 
that the doctor is taking him into his confidence and making him partly 
responsible for the final outcome, and that symptomatic cure is not the 
aim of the treatment. 

Figure 7 illustrates the contrast in behavior of the sedimentation rate 
in two different groups of patients. The solid line is a composite graph 
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Fic. 7. Effect of artificial-pneumothorax treatment on sedimentation rate in two different 
groups of patients. 


of 20 patients who returned to work within one year or less after treat- 
ment by artificial pneumothorax was instituted, and in whom further 
clinical observations verified the stability of the tuberculous lesion. 
The sedimentation test is here expressed by its index (total sedimenta- 
tion at the end of one hour expressed in millimetres). It will be noticed 
that the sedimentation rate returned within normal limits within six 
months after treatment was started. 

The broken line represents the composite sedimentation findings as 
expressed by the index, over the same period of time, in 14 patients who 
received artificial-pneumothorax treatment but at the end of one year 
were classed as unimproved. Many of these patients showed marked 
clinical improvement, but on X-ray examination large cavities were found 
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uncollapsed, their walls held out by adhesive bands to the chest-wall. 
Anatomically these patients were unimproved. It will be noticed that, 
generally speaking, the sedimentation rate continued rapid throughout 
the year. These graphs help to emphasize the fundamental nature of 
the sedimentation test as a reliable guide to the activity or quiescence of 
the tuberculous process. 


THE SEDIMENTATION TEST WHEN BOTH LUNGS ARE DISEASED AND ONE 
IS COLLAPSED 


The sedimentation test was found to be a simple and reliable guide in 
controlling the influence of the artificial pneumothorax on the better 
side. In this study 44 patients had bilateral clinical tuberculosis, with 
most of the involvement limited to one lung. 

In favorable cases, with uneventful recovery, the sedimentation rate 
paralleled clinical improvement in general as described under unilateral 
tuberculosis with uneventful recovery. 

In some cases, however, after the more involved lung had been satis- 
factorily collapsed, the sedimentation rate showed steady and fairly 
rapid improvement up to a certain point and then remained unchanged 
for months because of the tuberculous process in the opposite lung. It 
was only after the opposite lung began to show corresponding improve- 
ment that the sedimentation rate slowly returned to normal. In those 
cases in which there was a spread in the “‘good side” sedimentation be- 
came more rapid and often revealed the seriousness of the situation weeks 
and even months before clinical signs appeared. 

Figure 8 illustrates the steady increase in rapidity of sedimentation 
in a patient with bilateral tuberculosis, who at first responded remarkably 
well to artificial pneumothorax and then suffered a spread in the right or 
“‘good” lung. The spread became rather extensive with cavity-forma- 
tion and at first gave no warning clinical signs or symptoms. It was 
only because of the unexplained increases in the rapidity of the sedi- 
mentation rate that the true state of affairs was quickly recognized and the 
patient ordered back to bed. Even to this day, although we know that 
there is advanced disease in the ‘‘good” lung as revealed by X-ray and 
fluoroscopic study, one can detect very few if any definite physical signs. 
The patient is free from fever and cough and has only slight expectoration 
in the morning. He is overweight and feels well in every respect. The 
unexplained increase in sedimentation rate, determined as part of routine 
practice in the management of this case, served as a storm-signal in a calm. 
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E. S., age 22, first came under observation in February, 1929, with far-advanced 
tuberculosis. The right upper lobe was seriously involved, and there were 
numerous exudative deposits in the upper third of the left upper lobe. After 
considerable rest in bed, during which time her disease did not show improve- 
ment, artificial pneumothorax was induced on the right side and satisfactory 
collapse obtained. The left lung was watched carefully, and the patient made 
surprisingly good progress. 

The sedimentation test proved itself highly interesting in this particular 
instance. During the first six months of treatment with artificial pneu- 
mothorax the graph indicated satisfactory progress and changed fronya diagonal 
curve to a diagonal line (figure 9). This improvement was attributed to the 
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Fic. 8. Steady increase in rapidity of sedimentation in a patient with bilateral tubercu- 
losis, who at first responded remarkably well to artificial pneumothorax and then suffered a 
spread in the right or “good’”’ lung. The shaded area indicates the sedimentation graphs 
obtained during the absence of physical signs and symptoms and at a time when the X-ray 
revealed progression of disease. 


collapse of the badly diseased lung. When the index reached 17 millimetres, 
however, the test began to show very slow improvement and remained prac- 
tically unchanged for the next nine months, with an improvement of only 
two millimetres. This was attributed to the activity in the left apex and a 
policy of watchful waiting was pursued. Exercise was restricted to a minimum 
until the sedimentation test indicated lessened pathological activity. Exercise 
was then very cautiously prescribed in small amounts and only increased as 
the sedimentation rate improved. At the present time the rate is expressed 
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by a diagonal line, with an index of 12 mm. indicating a quiescent lesion. 
The patient has reached four hours’ exercise without a recurrence of symptoms 
or any other evidence of activity. 


THE SEDIMENTATION TEST DURING RELAPSE 


It is evident from what has been said above that the sedimentation 
test will not infrequently foretell impending disaster by remaining rapid 
in the midst of otherwise favorable clinical reports. In the group in- 
cluded in this study are 14 patients, each one of whom suffered a clinical 
relapse. Three of these developed an acute tuberculous pleurisy with 
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Fic. 9. Slow response of sedimentation test in a patient with predominantly unilateral 
tuberculosis, after successful collapse of the more involved side because of disease in the 
“good” lung. 


effusion. In eleven there was a definite spread in the “good” lung to 
the extent that clinical signs and symptoms became evident. The sedi- 
mentation findings recorded are those taken during the height of the 
relapse. In every instance sedimentation was rapid. In four the graph 
showed a vertical curve, the most rapid type of sedimentation curve that 
can be obtained. 


THE SEDIMENTATION TEST DURING NONTUBERCULOUS COMPLICATIONS 


The interpretation of the test during artificial pneumothorax, when the 
tuberculosis is complicated by some other disease, is one of the most 
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difficult problems in the study of blood sedimentation. One must always 
remember that the test is not specific and that rapid sedimentation can 
be found in practically every infectious disease and with malignant 
tumors. This limitation should be recognized in practice as well as in 
theory. How can one be reasonably sure that the increased sedimenta- 
tion rate is due to the tuberculosis? A definite increase in sedimentation 
in the light of our present knowledge can only result from increased 
tissue-destruction. Whenever there is a discrepancy between the 
rapidity of sedimentation and the clinical state of the tuberculous lung, 
the burden of proof must first of all rest on the physician that the tuber- 
culous lesion is as quiescent as clinical findings would warrant one to 
believe. This is one of the real values of the sedimentation test during 
artificial-pneumothorax treatment. It has been shown that the test is 
a better index of the pathological state of the collapsed tuberculous lung 
than clinical signs and symptoms. 

Having satisfied oneself that the rapidity of sedimentation may not 
be due to the tuberculosis in the lung then the physician should under- 
take a thorough and systematic search for the hidden cause. Ordinary 
foci of infection, such as diseased teeth or tonsils, do not cause rapid 
sedimentation; the indicated trouble is far more serious (5). Not infre- 
quently patients have been found to have syphilis or chronic pelvic 
inflammatory disease or even malignant tumor, only months after their 
presence had been indicated by rapid sedimentation, largely because the 
physician has centered his entire attention on the tuberculosis. 

It is in this way that the test becomes indispensable to the phthisiolo- 
gist, for it serves not only as a check upon his therapeutic endeavors but 
also as a constant challenge to study and re-study the patient. 

The following incident is particularly instructive and emphasizes what 
has already been stated above, that a discrepancy between blood sedi- 
mentation and clinical findings should not be ignored. Even though 
nothing can be found at the moment the patient should be kept under 
careful observation. I always feel uneasy when I can not explain rapid 
sedimentation to my complete satisfaction, and am always on the look- 
out for unexpected trouble either from the tuberculosis or from a totally 
different source. 


M. W., age 47, male, was discharged from the Eagleville Sanatorium on March 
8th, 1929, as an arrested, moderately advanced case of pulmonary tubercu- 
losis. At the time of his discharge blood sedimentation was rapid and was 
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represented by a diagonal curve with an index of 27 mm. in spite of the fact 
that he was able to discharge all obligations of an arrested case of tuberculosis. 
The significance of the rapid sedimentation could not be explained and was, 
therefore, ignored. Three months after discharge, the patient was admitted 
to a general hospital in Philadelphia for gastric symptoms. After careful 
X-ray study and observations he was operated upon and an inoperable car- 
cinoma of the stomach was found. The patient subsequently died. The un- 
explained rapidity of sedimentation of the red blood cells was no longer a 
mystery and had not been due to the tuberculosis at all. 


The influence of pleural effusion on the sedimentation rate will be 
reported on in detail in a separate communication. It may be stated 
here that small, sterile effusions, just sufficient to level the arch of the 
diaphragm, do not influence the sedimentation rate. Large effusions 
or inflammatory exudates do cause more rapid sedimentation. 


SUMMARY 


The sedimentation test was studied in a group of 131 patients, receiv- 
ing artificial-pneumothorax treatment during the past three and a half 
years. The purpose in view was to ascertain what help, if any, the physi- 


cian may expect from the test in the management of such cases. The 
following observations and deductions were made: 

1. The sedimentation test fills a gap in the management of tuberculous 
patients receiving artificial-pneumothorax treatment. It gives valuable 
information at a time when X-ray findings are obscured and physical 
signs and symptoms obliterated by the collapse. 

2. The sedimentation rate is a sensitive measure of the activity of the 
tuberculous process in the compressed lung and is the last objective 
evidence of activity to become normal. A return to normal indicates 
quiescence of the pathological process but does not necessarily indicate 
stability of the lesion. 

3. In uneventful cases the sedimentation rate shows steady improve- 
ment and changes from a vertical or a diagonal curve, indicating activity 
of the tuberculous process, to a horizontal line, indicating quiescence, 
but not until weeks or months after the disappearance of constitutional 
signs and symptoms. 

4. When there is disease in both lungs and the more-involved lung has 
responded to pneumothorax treatment, the sedimentation rate is a 
simple means to determine the effect of the compression on the less- 
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involved side. It will not become normal until the tuberculous process 
is quiescent in both lungs. 

5. During the early part of the treatment the sedimentation test should 
be repeated at least once a month and afterward every two months. A 
diagonal line with an index of 15 mm. or more should always be respected. 
The patient should be warned that the disease is active and that a re- 
lapse is possible. Exercise should be prescribed with great caution and 
its effect studied carefully by means of the sedimentation test regardless 
of how well the patient may feel clinically. Adherence to this rule will 
prevent many a relapse and spread in the opposite lung. 

6. The test is simple to perform and to interpret. By its proper 
utilization the physician can gather valuable information out of all 
proportion to the effort made to obtain it. Further study should make 
this one of the most widely used clinical laboratory procedures in phthis- 
iotherapy. 
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THE CLINICAL APPLICATION OF GAS ‘ANALYSIS IN 
ARTIFICIAL PNEUMOTHORAX!? 


POL. N. CORYLLOS, H. KONTERWITZ anp E. R. LEVINE 


The extensive use of artificial pneumothorax in pulmonary tuberculo- 
sis, and the more recently introduced use of oleothorax, have created 
new problems with which phthisiologists and thoracic surgeons are 
faced daily. 
The accurate estimation of physiological and histological changes 
occurring in the pleural serosa, the modification of its absorbing power 
for gases during pneumothorax or oleothorax, the accurate diagnosis of 
spontaneous pneumothorax and the means of following its course, are 
among these problems. 
Information gathered by clinical and radiographic examination or 
by such methods as the introduction of dyes into the pleural cavity has 
given us often only approximate solutions. During previous experimen- 
tal investigations, on animals, of the absorption of various gases by the 
lung and the pleura (1), it occurred to us that serial quantitative anal- 
ysis of the gaseous content of the pleural cavity could give us not only 
an accurate solution of the above-mentioned problems but also allow us 
to investigate more complicated points, as, for instance, the exact degree 
of physiological collapse of the lung, the amount of blood circulating in 
it, and consequently the physiological activity of the collapsed as com- 
pared with the healthy lung. 
With this purpose in mind we extended our investigations to the human 
being. A method has gradually been evolved, sufficiently accurate and 
simple for clinical purposes, which has given us so far such results as to ’ 
warrant this preliminary note in order to attract the attention of the 
profession to its possibilities. 


1 From the Tuberculosis Service of the Metropolitan Hospital of the City of New York, 
and the Department of Surgical Research, Cornell Medical College, New York City. 

2 Accepted for publication November 30, 1931. The Editor desires to call attention to 
this circumstance because of the appearance of a paper along similar lines, by Martini 
and Heymer, published April 9, 1932, in the Klinische Wochenschrift. 
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It has already been proved that whatever might be the gas or mixture 
of gases introduced into a healthy pleural cavity, after a short while we 
find in it CO, and O, in amounts depending upon the partial pressures of 
the same gases in the blood circulating under the pleural serosa. In 
pneumothorax with healthy pleura, these gases vary between 2.0 to 4.0 
per cent of O, and 6.0 to 8.0 per cent of CO,. In human artificial pneu- 
mothorax for tuberculosis the amount of O, was found to be generally 
lower, around 1 to 2 per cent or even less, whereas the percentages of CO, 
were around 8.0 to 10 per cent, or even 14.0 per cent and more, especially 
when fluid was present. The explanation of these findings, and the an- 
swer to the important question of whether the gas in the pneumothorax 
comes into equilibrium with the venous, the arterial or the lymphatic 
air, is not going to be dealt with here. We shall only state that whatever 
might be the gas or mixture of gases introduced into the pleural cavity, 
such as Oe, Nz, CO2, He, helium or air, provided they are sufficiently 
pure, so as to exert no special irritation upon the pleura, O, and CO, will 
always be found in the same percentages, all other factors remaining 
constant, and this after a short while not exceeding two hours. But 
if the conditions are changed by variations in the degree of collapse of 
the lung, by histological changes in the pleura, by the presence of fluid 
or some inflammatory process, and, above all, by the production of a 
direct communication between the alveolar and the pleural air, as it 
occurs in spontaneous pneumothorax, then the percentages of O. and 
CO, in the pleural gases will vary in proportion to the nature and the 
extent of the pathological processes present. 

Before the description of the method used and of the results obtained, 
a brief explanation of the above-mentioned variations and of their causes 
is necessary. It is known that the diffusion of gases present in either 
side of the endothelial pleural and vascular membrane depends upon 
several factors, the more important of which are the condition of this 
membrane, the differences in the partial pressures of the gases present on 
the two sides of it, and the diffusion- and solubility-indices of the gases. 
Through a thin and healthy pleural membrane diffusion will be more 
rapid than through a thickened and chronically inflamed one; CO2, which 
is 25 times more soluble in water than Oz, will diffuse through the wet 
pleural membrane much more readily than will O2. When air is intro- 
duced into the pleural cavity, and is composed of about 20.9 per cent of O2, 
79 per cent of Ne and practically of no CO, (0.03 per cent only), CO, 
will diffuse into the pleura from the capillary blood much more rapidly 
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than O, will pass from the pleura into the blood; within ten minutes the 
equilibrium of CO, will be established, whereas over an hour or more 
will be necessary for the O:. This is the reason for the temporary 
increase in the volume of the pneumothorax (Dautrebande and Spehl 
(2)). It is obvious that conditions are altogether different in cases of 


Fig. 1. Portable gas-analysis apparatus for bedside use. B: burette, graduated to 0.01 
cc. of 10 cc. total capacity. C: tube containing sodium hydroxide, half-saturated solution 
for absorption of CO2. O: tube containing ammonia—ammonium chloride solution and 
metallic copper, for absorption of O2. A: tube containing 1 per cent solution of sulphuric 
acid for the washing of the burette. S: mercury-filled, gas-sampling tube. The panel of 
the apparatus can slide, thus giving more room for the manipulations. (This apparatus is 
constructed by Eimer and Amend, New York.) 


spontaneous pneumothorax; in these the gases present in the pleural 
space have not diffused through an intact pleural serosa, but have passed 
directly from the alveoli intoit. Therefore, the composition of the pleu- 
ral content will approach the composition of the alveolar air (O, 15 per 
cent, CO. 5 per cent, and Ne» 80.0 per cent, plus water vapors, in round 
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figures); it is obvious also that the larger the pleuropulmonary fistula, 
the higher its location in the lung, so as to prevent it from being definitely 
or intermittently sealed by the fluid always present in these cases; and, 
the lesser the degree of lung collapse and consequently of the impairment 
of its ventilation, the more the composition of the pleural air will ap- 
proach that of the normal alveolar air. Closure of the fistula, even 
for a short duration, will be easily revealed by the changes rapidly oc- 
curring in the composition of the pleural air, so that its evolution can be 
accurately followed. 

In order to bring gas analysis to clinicians a simple and portable gas- 
analysis apparatus for O. and CO, was devised (figure 1) based on the 
same fundamental principles as the more accurate but also more cumber- 
some apparatus in use in laboratories. Accuracy of gas analysis to the 
first decimal has proved to be sufficient for clinical purposes, so that the 
lack of greater accuracy (to the second or even the third decimal) is 
compensated by the ease of manipulation of our apparatus, which per- 
mits gas analysis to be made a bedside procedure. This apparatus in 
its actual form is routinely used now by our residents in the tuberculosis 
services at the Metropolitan and Sea View Hospitals of the City of 
New York. 

The method consists in taking a sample of air of the pneumothorax 
before the refilling, by means of a Haldane mercury sampling tube 
(figure 1, S) through an ordinary pneumothorax needle following the 
usual precautions for gas sampling. After this, 100 cc. of air is intro- 
duced in the pleural cavity through the same needle by means of a pneu- 
mothorax apparatus; after one minute, a second sample of air is taken. 
One minute has been found sufficient to establish a good mixture of the 
100 cc. of air introduced with the gases already present in the pleural 
cavity, and insufficient for any appreciable change in the composition of 
the mixture by diffusion through the pleural serosa. The refilling of 
the pneumothorax is then done in the usual way, and the amount of air 
introduced and the pressures of the pleural air are carefully determined 
and noted. 

The determination of the amounts of CO, and O, in the two samples is 
easily accomplished with our apparatus within ten minutes, although 
for greater accuracy it is advisable to perform two determinations of 
each sample and take the average of them. 


8 A description ot the apparatus will be given in a forthcoming paper. 
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Knowing the values of O, and CO; in the two samples we can (1) calcu- 
late the amount of air present in the pleural cavity, (2) determine the 
absorption index of the pleura and (3) detect the existence of a spontane- 
ous pneumothorax. 


1: Determination of the amount of air in the pleural cavity. If we designate 
by a the amount of CO, in the first sample (initial air) and by 5 the amount of 
the same gas in the second sample (pleural air after the addition of 100 cc. of 
air), and by x the total gaseous content of the pleural cavity, we will have the 
equation 


a b 

In fact the amount of CO, introduced into the pleura with 100 cc. of air 

being negligible (0.03 of 1 cc.), we can admit that the total CO, content of 
a 


the pleural air of the first sample (: its) is equal to the total CO, content of 


air in the second sample (X + 100 ) a. 
Solving the equation for X we will have 


100 b 
= 2 
a-—b (2) 


which allows by simple calculation to determine the value of x, that is, 
the amount of air contained at that time in the pleural cavity. By adding to 
that amount the amount of air introduced during the refilling, we know the 
total amount of air left in the pleural cavity at the end of the refilling. 


2: The same determination is carried out during each of the following refillings. 
In this way it is easy to determine with accuracy the index of absorption of the 
pleura, and to establish a curve which will inform us directly of its variations 
and indirectly of the histological changes in the pleura. 

Decrease of pleural capacity because of development of adhesions, the pres- 
ence of several air-pouches and the existence or nonexistence of communica- 
tions between them can easily be detected by this procedure. Furthermore, 
an accurate study of the changes in the absorbing capacity of the pleura after 
an oleothorax has been rendered possible by this procedure. 

The determination of O, in the two samples permits us to check the exacti- 
tude of the CO, findings. 

In fact, by introducing 100 cc. of air into the pleural air, we have added 21 
cc. of O, to the previous O, content of the pleura. If we designate by o the 
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percentage of O; in the first sample, and by o’ the percentage of O, in the second 
sample, we have the equation 


O 0’ 
joo + 2! = & + 10) 


ox + 2100 
x + 100 


and solving the equation for 0’: o’ = 


in which x and o are already 


known. 

In this way if the calculated amount of o’ is equal to the o’ given by the 
analysis of the second sample, the previous determination of a, , and o are 
correct. 

For avoiding calculations, tables and curves have been compiled which 
give at a glance the values of « and o’ corresponding to a, b and o found by the 
analysis. 


3: Diagnosis of spontaneous pneumothorax and its course. The following 
example will show the degree of variations in the values of O2 and CO; in spon- 
taneous pneumothorax, and the information given by them: 


V.C., white, female, 36 years. Had spontaneous pneumothorax 2 weeks previously. Ad- 
mitted to Metropolitan Hospital August 18, 1931, with tuberculosis of left lung, caseous pneu- 
monic form; left pneumothorax present, with left lung almost completely collapsed; fluid 
present; shifting of mediastinum to right side. Gas analysis gave following results: 


(a) August 21,1931: CO, 
(b) August 25, 1931: 

(c) September 16, 1931: CO, 
(d) September 17, 1931: CO. 


(e) September 25, 1931: COz 


In (a) the pleuropulmonary fistula was still open. In (b) and (c) it remained closed; the rise 
in the O; content in (d) indicated that it opened again, although no clinical symptoms were 
present at that time. Our diagnosis of a new attack of spontaneous pneumothorax was soon 
corroborated by the appearance of clinical symptoms, elevation of temperature, dyspnoea, 
cyanosis, rise of intrapleural pressure and expectoration of Gomenol oil. Gas analysis in 
(e) showed that the O, rose to 8.0 per cent. 
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The diagnostic significance of gas analysis is important in cases of 
unusually prolonged air retention in the pleura after artificial pneumo- 
thorax, followed or not by spontaneous pneumothorax. With our usual 
means of investigation it is often impossible to differentiate with any 
degree of accuracy whether there is loss of absorbing capacity of the 
pleural serosa or persistence of a pleuropulmonary communication 
small enough as not to be disclosed by clinical signs. Gas analysis of the 
content of these air pouches gives a definite answer to this problem. 
The following case illustrates this point: 

J.T., white, male, 20 years of age. Admitted to Metropolitan Hospital on January 31, 1929 
for tuberculosis of left lung, caseous pneumonic type. Pneumothorax was induced on Febru- 
ary 2, 1929, and refillings repeated regularly until July 25, 1929, when spontaneous pneumo- 
thorax had occurred, rapidly accompanied by fluid. Fluid was removed repeatedly, re- 
placed by equal volume of air. Patient had improved and was sent to Otisville Sanatorium. 
Patient readmitted on March 2, 1931; in September pneumothorax was unchanged, although 
no further refillings were given. In order to determine whether the pleuropulmonary fistula 


was still open or the pleura had become impermeable to gases, a gas analysis was made, which 
gave CO: 8.5 per cent, and O, 1.8 per cent, showing that the fistula was closed. 


The reasons for the relatively low values of O, and high values of 
CO, are actually under investigation; it appears so far that the principal 
cause is the presence in the pleural cavity of the collapsed lung; the alveo- 


lar blood circulating in the collapsed, but not atelectatic peripheral zone 
of the organ, passes through ill-aerated channels, so that it contains more 
CO, and less O.than normally. However, the presence of innumerable 
white cells in the fluid, which certainly consume O, and give up COs, 
seems to contribute to some extent to this discrepancy, as shown by the 
following experiment: In a sampling mercury tube pus from the pneu- 
mothorax was taken (7 cc.), and the tube was filled with pure O, and was 
allowed to remain in the incubator for 24 hours. Analysis of the gas in 
the tube showed that CO, was present in a proportion of 5.0 per cent. 
From the above it appears that gas analysis of the gaseous content of 
pneumothorax is a procedure which can give us valuable clinical informa- 
tion. Since Davy (3), over 100 years ago (1823), injected air into the 
pleural cavity of animals for the purpose of studying the quantitative 
changes occurring in them, several investigators have been interested in 
this question. S. Di Pietro (4), Webb, Gilbert, James and Haven (5), 
Rist and Strohe (6), and, more especially, Dautrebande and Spehl (2) 
have studied the gas-exchanges in pneumothorax; Meakins and Davies 
(7), after Sackur (8) and Harley (9), investigated the influence of lung 
compression by artificial pneumothorax upon respiratory function in 
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pulmonary tuberculosis. Henderson and Haggard (10) have studied the 
absorption of gases injected into the peritoneum, and Leconte and De- 
marquay (11), Campbell (12) and others, the absorption of gases in- 
jected under the skin. Birnbaum and myself (1) have more recently 
investigated the absorption of different gases and vapors (Oz, He, Ne, 
CO, nitrous oxide, ether, ethyl chloride, ethylene, helium, etc.) by the 
lung previously rendered atelectatic and by the pleura of dogs and rab- 
bits. No one, however, as far as we are aware, has studied our problems 
or has attempted to render gas analysis in pneumothorax a clinical 
method of investigation especially in pulmonary tuberculosis. 

In this preliminary report we have attempted to place these problems, 
which will be developed in subsequent papers. 


SUMMARY AND CONCLUSIONS 


Serial quantitative gas analyses in artificial pneumothorax render 
possible the determination of the total amount of gases contained in the 
pleural cavity and of the variations occurring in it, thus permitting the 
determination of the absorbing capacity for gases of the pleura in each 
individual case and of its variations. In oleothorax treatment, histo- 
physiological changes of the pleural serosa can be detected and followed. 
Furthermore, the diagnosis of spontaneous pneumothorax can be easily 
and accurately established and the course of the pleuropulmonary com- 
munication can be followed. A simplified gas analysis apparatus has 
been devised for that purpose, sufficiently accurate for clinical pur- 
poses, allowing the bedside use of this method. 
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STUDIES ON SAPROPHYTIC ACID-FAST BACTERIA! 


HARRIET MANSFIELD THOMSON 


By saprophytic acid-fast bacteria we understand those strains that 
retain the red color when stained by the Ziehl-Neelsen technique and that 
grow rapidly at incubator or room temperature on ordinary laboratory 
media. ‘This includes all cultivable acid-fast bacteria except the three 
types of tubercle bacillus and the bacillus of Johne’s disease. Patho- 
genicity is not usually attributed to members of this group; in view of a 
lack of sufficient evidence we cannot draw conclusions on this point. 
Certainly, what pathogenicity the microérganisms may have is slight, 
or else it rests on a condition of symbiosis or other environmental factors 
as yet undiscovered. 

The group of saprophytic acid-fast bacteria is a large one, because 
under existing conditions every new strain isolated constitutes a new 
species. ‘The organisms are widely distributed in nature and have been 
isolated from the most diverse sources. Due to the simplicity of their 
nutritive requirements and the wide range of temperature and of reac- 
tion within which they will grow, it seems certain that the same species 
may be found in a number of different places. Hence the practice of 
applying names associated with their source to such bacteria is of ques- 
tionable value. The practice, however, has been uniformly followed, 
and as long as the organisms so named remained bacterial oddities, no 
need was felt for anything better. 

The similarity in gross cultural appearance of many strains bearing 
different names is familiar to all who have handled these organisms, and 
suggested as early as 1901 the possibility that the same strain was being 
independently discovered by different investigators. At that time 
Mironescu (1) compared the acid-fast bacterium which he isolated from 
human faeces with the butter bacillus of Rabinowitsch and the Bacillus 
aus Nasenschleim of Karlinski, and decided that the three were varieties 
of a single species. Nevertheless the two latter strains at least are kept 


1 From the Laboratory of Pathology and Bacteriology, New York State Veterinary College, 
Ithaca, New York. 
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distinct and are available in culture collections under their original names 
at the present time. 

There has been an increasing interest in the group since the discovery 
in subcutaneous lesions in cattle of acid-fast bacteria. Sometimes the 
bacteria are present in enormous numbers. More often they are found 
only after prolonged microscopic search. In either event they are amaz- 
ingly refractory to culture. The interest in them lies in the fact that, 
though animal inoculation experiments have shown that they are not 
tubercle bacilli, cows with such ‘‘skin lesions” often react to the tubercu- 
lin test, when no other cause for the reaction can be assigned. Mitchell 
(2) has reported the only case in which an organism from a skin lesion 
has been successfully used to produce a skin lesion and sensitivity to 
tuberculin in a normal bovine. The skin-lesion situation has been ably 
summarized by Hagan (3) in a recent paper. 

One of the results of this stimulated interest in acid-fast saprophytes 
has been an extensive search in many different types of soil from various 
parts of this and other countries to see whether acid-fast bacteria are as 
widely distributed as has been generally assumed. This was undertaken 
by Frey and Hagan (4) who were able to demonstrate the multiplication 
of acid-fast bacteria in cultures from every one of 100 soil samples ex- 
amined by them and to isolate 25 strains from different ones. The iso- 
lated cultures apparently were not all the same, but to classify them 
with respect to previously isolated strains was entirely out of the question 
since no criteria existed by which they might be compared. 

It is to be expected that the recent increase of interest in the saprophy- 
tic acid-fast bacteria will lead to the adoption of a physiological system 
of classification of the members of this group. Such a classification for 
the group of Mycobacteria as a whole has been suggested by Long (5), 
who has distinguished (1) a group containing the three types of tubercle 
bacilli, (2) a group containing the grass and smegma bacilli, and (3) a 
group containing the so called leprosy bacilli and tubercle bacilli of cold- 
blooded animals on the basis of their carbon and nitrogen metabolism 
and their glycerophilism. 

This paper deals with studies planned to determine the more obvious 
differences and the more obvious similarities which exist between mem- 
bers of the saprophytic group. It is presented in the hope that it may 
stimulate more detailed studies of the group, from which a rational sys- 
tem of classification may be evolved. 
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EXPERIMENTAL 


In 1928 the study was begun of 26 strains which at that time consti- 
tuted the collection of the bacteriological laboratory of the New York 
State Veterinary College. Some of these had a history of twenty-five 
or more years of culture; others had been isolated within a few years. 
A list of these cultures follows, together with what is known of their 
history: 

Laboratory 

Number 


Mycobacterium graminis: * 364 American Type Culture Collection, 1926. 
Originally from E. G. Hastings, Madison, Wis., 1925; his “Moeller’s grass 
bacillus.” No history except that it has been in his collection for 25 years. 


. Mycobacterium smegmatis: * 101 American Type Culture Collection, 1926. 


Obtained by the Culture Collection 1925 from the Hygienic Laboratory, 
Washington, D.C. Their #178. 


. Lymphangitis bovine, Traum: Dr. J. Traum, Berkeley, Cal., 1922. Iso- 


lated by him from a bovine skin lesion. 


. Grassberger butter bacillus: E. G. Hastings, 1925. No history except that 


it has been in his collection for 25 years. Same as Myc. butyricum % 362, 
American Type Culture Collection. 


. Mycobacterium stercusis (Mistbacillus of Moeller): American Type Culture 


Collection, 1926. Either the Hygienic Laboratory or Jordan strain, both 
received by the Culture Collection in 1925. 


8a. Mycobacterium phlei (Timothy grass bacillus): E. G. Hastings, 1928. 


Obtained by him from the Lister Institute, their #54, 1925. Same as 
American Type Culture Collection * 354. 

Mycobacterium phlei (Timothy grass bacillus): E. G. Hastings, 1925. 
His 74A. Identical with 8a above. 


. Moeller’s grass bacillus: Identical with Myc. graminis above, but obtained 


direct from E. G. Hastings, 1925. 


. Hog skin bacillus: #5138. Dr. Buckley, Bureau of Animal Industry, 


Washington, D. C. Same as American Type Culture Collection ¥# 4268. 


. B. leprae 18. Lister Institute #518, 1926. 

. Moeller’s mist bacillus, New York: Lister Institute # 526, 1926. 

. B. paratuberculosis, Binot: Lister Institute * 2072, 1926. 

. B. leprae, Elly: Lister Institute #522, 1926. 

. Butter bacillus of Rabinowitsch, New York: Lister Institute #524. Same 


as American Type Culture Collection * 356. 
B. pseudoperlsucht: Lister Institute * 2070. 

B. leprae, Brinkerhoff II: Lister Institute * 514, 1926. 
B. leprae, Clegg I: Lister Institute #512, 1926. 
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. Acid-fast bacillus (Duval leprae): Lister Institute # 358, 1926. 

35. B. leprae, Clegg II: Lister Institute * 513, 1926. 

38. Bacillus aus Nasenschleim, Karlinski: Lister Institute * 2041, 1926. 

39. Bovine *% 164 lymph gland: Cornell; cultured direct from lymph gland in 
a case of Johne’s disease, 1927. 

40. Zeissig’s acid-fast bacillus: Cornell, 1927. 

41. Hen * 169 spleen: Cornell, 1928. 

42. Bovine lymph gland: E. G. Hastings, 1928. His * 5-3a, cultured direct 
from lymph gland of a skin-lesion reactor to tuberculin. 

45. Bovine lymph gland *% 202: Cornell; cultured direct from lymph gland in 

a case of Johne’s disease, 1928. 
. Skin lesion * 134: Cornell, 1928. 


CULTURAL STUDIES 


Growth Characters 


The difference in rapidity of growth and cultural appearance was the 
first basis for grouping. Observations on the gross appearance of the 
cultures alone led to the provisional designation of three groups into 
which the organisms (with two exceptions to be noted later) were divisi- 
ble. Later experiments showed that the grouping thus made rested on 
physiological as well as cultural differences in the strains. The descrip- 
tions which follow are of growth on agar slopes made by solidifying with 
1.5 per cent agar, the synthetic medium recommended by Long and 
Seibert (6) for growing the tubercle bacillus. This medium has been 
used throughout the course of these studies except where changes are 
specifically noted. 


Group I 


After three days at 37°C. growth is abundant, deeply wrinkled, dull, creamy 
white. After five days at 37° there is little if any change and members of this 
group are indistinguishable one from another at this age. Strains no. 1, 3, 4, 
5, 7, 10, 17, 19, 22, 38, fall into group I. 

After three months at room temperature following five days at 37° all strains 
are more highly pigmented, varying from deep cream color through buff to 
flesh color. The amount of growth is not noticeably increased. 


Group IT 


(Lepra Type) 


After five days at 37° growth is just starting. Pigmentation is intense from 
the first. Strains no. 14, 21 and 34 are bright yellow; strains no. 24, 31 and 
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35 are salmon, deepening to red-orange. Strains in this group are nos. 14, 21, 
24, 31, 34, 35. 
After three months at room temperature following five days at 37° the pig- 
mentation has grown more brilliant and the amount of growth has increased 
tremendously. 


Group III 
(Phlei Type) 

After three days at 37° growth is moderate in amount, dry and light yellow in 
color. After five days at 37° it is almost as abundant as that of cultures in 
the first group but entirely different in appearance, being bright yellow and 
dry, with a rough, irregular surface. Strains no. 8a, 9, 39, 40, 41, 45, 47 fall 
into this group. 

A further incubation of three months at room temperature causes no change in 
pigmentation and very little increase in amount of growth. 


The exceptions, those two strains previously mentioned which did not 
fit into the grouping, were nos. 13 and 42. No. 13 in its initial growth 
resembles members of the first group, although it grows more slowly at 
37°. After three months’ further incubation at room temperature the 
amount of growth is greatly increased and is a warm yellow in color, dry 
and crumbly in texture. No. 42 shows only a moderate amount of 
gray-white waxy growth in three or five days at 37°. After three months 
at room temperature the growth piles up in irregular ridges. It has at 
this time assumed a brownish color and the surface is smooth. 


Temperature Relationships 


The ability to grow within a wide range of temperatures characterizes 
the group as a whole. For a period, which varied with the individuals 
from one to twenty-five or more years, the cultures under test had been 
cultivated at 37°C. Nevertheless it was found that they could be 
grouped rather definitely on the basis of their optimal and maximal tem- 
peratures, and that the grouping agreed with that previously determined 
by their appearance and rapidity of growth. Table 1 shows the upper 
limits of temperature to be different for each group. The first, with 
growth equally rapid from 37° to 45°, no longer grows at 54°. The 
second, with optimum at 37° to 40°, is inhibited by a temperature which 
is below 50° and close to 45°, as repeated experiments have shown. The 
third group has the widest temperature range, its upper limit being above 
54° and below 58°; the mean of its optimum range is 45°. It is to be 
noted that members of the first group are inhibited by a temperature 
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(6-8°) which permits growth of members of the third group and to some 
extent by members of the second. 

In recording growth in this as well as in other experiments, no growth 
represented by the — sign, a trace only by +, moderate growth by 
+-+, and abundant growth by +++ (table 1). 


TABLE 1 
Growth of strains at various incubation temperatures on Long’s agar 


15-16° 


b+++1+ 


Group III 


+,7 
++4+P4+4+ 
tt 
+4441 1 


+/+]+] + 


(+) indicates a positive reading in one of a set of duplicates. 


Carbohydrate Utilization 


Comparison was made of the growth of the different strains on varia- 
tions of Long’s medium with respect to its carbohydrate content. As 
may be seen in table 2, the reduction of the glycerol content from 5 to 


CENTIGRADE........+++- 6-8° mz 30° 37° 40° 45° 51° 54° | 58° 
’ WAVE scincidscccossiecseeate 14 14 5 5 5 5 5 5 5 
Group I 1 | — | — Bi+++)+++/++4+/++4+/+4++4+/ ++] - 
3 |-|- ++ + | - 
4 ++ + + 
5 ++ ++] - 
7 +4] - 
10 | —| - ++ ++] - 
7 |-|- + + | - 
19 | —| ++ + | - 
| 22 | +) + ++ + | - 
23 |-|- ++ ++] - 
38 ++] - 
Group II 14 ++) + /++] - 
21 
24 + -] - 
31 4+ ]-]- 
34 + - - 
35 ++ + - | - 
9 ++ +4 | - 
39 ++ ++ | 
40 ++ +4 | - 
41 ++ ++ | - 
45 ++ +++l++4+] ++] - 
47 ++ ++ | - 
13 | - — | ++ | ++ - 
42 - | - | + 
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1 per cent had no restraining effect on growth of the saprophytic strains. 
When no glycerol was present in this medium, however, all strains in 
the first and second groups suffered some inhibition. 
cent, as well as mannite, 1 per cent, seemed to be adequate substitutes 
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Dextrose, 1 per 


TABLE 2 
Growth of strains on variations of Long’s medium, agar slopes, 5 days, 37°C. 
CARBOHYDBATE.........- Glycerol Glycerol Glycerol Dextrose Mannite 
CONCENTRATION........ 5 per cent 1 per cent Omitted 1 per cent 1 per cent 
Group I 1 ++? +++ +++ 
3 +++ +++ +++ 
4] +++ - 
5 | +++ +++ 
22. | +++ 
23 | +++ - 
38 | +++ ste 
Group II 14 ++ + = 4+ oe 
24 + +4 
9 | ++ ++ 
40 | ++ ++ +++ +++ 
47 ++ ++ +++ | +++ 
13.) ++ ~ 


for glycerol in 


concerned. 


The formation of acid from glycerol was studied in cultures on agar 
slopes of Long’s medium in which the glycerol concentration was varied. 


Long’s medium, as far as abundance of growth was 


Acid-Formation from Glycerol 
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Enough phenol-red solution was added to the medium before steriliza- 
tion to impart a distinct color. The original pH was 7.8. The medium 
of itself, being practically colorless, did not interfere with the observation 
of reaction changes toward the acid side. Where acid-formation was 
observed, it progressed downward from the peak of the slope. As re- 
corded in table 3 the number of + signs indicates the progress of color 
change down the slope, each representing one-fourth of the length. 
Thus,++-+-+ indicates that the medium was yellow throughout or with 
only a trace of red in the base. It was found that while the medium 
with 1 per cent glycerol supported growth (as shown in table 2), no acid 
was formed that could be detected by the method used except in the 
case of strain no. 13. When the concentration of glycerol was increased 
to 3 per cent some slight acidity resulted in the case of members of the 
first group, but it was soon masked by a salmon color, diffuse throughout 
the medium. This was probably due to a diffusion of the acid when no 
more was being formed, giving an intermediate indicator color (recorded 
as Sin table 3). The tendency of the reaction to swing back to alkaline 
in these cultures is worthy of further investigation. On the medium 
containing 10 per cent glycerol, growth was delayed, and this is presumed 
to be the cause of delay in acid-formation as compared with that on the 
medium containing 5 per cent glycerol. 

Fermentation of glycerol in Long’s agar with the formation of acid is 
a characteristic of all members of group I. It is shown also by strain no. 
13 and by one member of group II. The concentration of glycerol in the 
medium has a marked influence on its fermentability. 


Cultural Studies Having No Differential Value 


Attempts were made to classify the strains by further cultural studies, 
which, however, gave no information of a differential nature. A synop- 
sis of each of these studies is given here as a matter of record which may 
be suggestive to other workers in the field. 

1: Growth of strains on a simple synthetic medium: It was found that 
all strains showed growth within seven days on a medium made from 
distilled water, ammonium phosphate 0.5 per cent, glycerol 1.0 per cent 
and agar 1.5 per cent. While some strains grew on this medium more 
rapidly than others, the differences were not great enough to constitute 
a basis for classification. 

2: Dye inhibition: Crystal-violet, methylene-blue and brilliant-green, 
in concentrations ranging from 1:50,000 to 1:500, were incorporated in 
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Long’s agar before sterilization. The slopes were inoculated with the 
various strains and incubated at 37°C. Although dye inhibition as 
studied by this method was found to be without differential value, it 
may be of interest to record that methylene-blue was inhibitory in a lower 
concentration than crystal-violet. Brilliant-green was least inhibitory of 
the three dyes tested. A medium containing it in a concentration of 
1:500 permitted growth of nearly all strains within seven days. Very 
few strains grew in this period on a 1:500 concentration of crystal-violet 
or methylene-blue. 

3: NaCl inhibition: Two per cent NaCl added to Long’s agar delayed 
the growth somewhat, but after eight days the cultures on this medium 
were equal to the control cultures in abundance of growth. When 5 
per cent NaCl was added, seven strains failed to show growth after eight 
days, while the others showed sparse growth. 

4. Ability to utilize salts of organic acids: Sodium salts of acetic, lac- 
tic, citric and tartaric acids were substituted for glycerol in the simple 
synthetic medium described under J. Acetate and lactate were found 
practically equal to glycerol in concentrations of 1 and 0.5 per cent. 
Citrate was inhibitory in a concentration of 1 per cent, but at 0.5 per cent 
supported growth of most strains of groups I and III; no growth was 
secured of any member of group II. Tartrate in a concentration of 0.5 
per cent supported growth of only three strains out of the twenty-six 
studied. The utilization of salts of organic acids under the conditions of 
this experiment had no value in the classification of the strains. 


ANIMAL INOCULATION STUDIES 


Allergic Sensitization 


Comparative trials were conducted on the intramuscular, intraperi- 
toneal and subcutaneous methods of sensitizing guinea pigs with certain 
of the strains. The animals were skin-tested a month after the sensitiz- 
ing injection with a diagnostic filtrate prepared from the sensitizing 
culture. It was found that the subcutaneous method led to the most 
regular and strong allergic response. 

In a preliminary group-sensitization test the animals were sensitized 
subcutaneously with an oil suspension of the organisms representing the 
different groups. They were tested after a month with diagnostics 
made from the different sensitizing cultures, and the results suggested 
that the groups were allergically distinct. 
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Accordingly an experiment was planned in which it would be possible 
to skin-test guinea pigs sensitized with a strain representative of one 
group, with diagnostics prepared from a number of strains representing 
all the groups. One lot of 17 guinea pigs was sensitized with strain no. 
3 representing the first group, another lot with strain no. 21 representing 
the second group, and a third lot with strain no. 8a, representing the 
third group. Enough animals were sensitized so that with reasonable 
survival 3 skin tests could be performed with each diagnostic filtrate. 
Eighteen diagnostic filtrates, representing 6 strains from each of the three 
groups, could be thus applied. 

The technique of sensitization consisted in the subcutaneous injection 
behind the left shoulder of 0.5 cc. of a milky suspension of the living or- 
ganisms in sterile paraffine oil. Control guinea pigs received sterile oil 
only. 

The diagnostic filtrates were made by growing the strains on an in- 
fusion broth containing glycerol 5 per cent, peptone 1 per cent, and 
potassium phosphate 0.5 per cent, pH 7.6, such as is used to grow the 
tubercle organism in making tuberculin. This medium supports a 
luxuriant growth of all strains. After a month’s incubation at 37° the 
cultures were heated several hours in the steamer, concentrated, filtered 
through paper, and made up to 40 per cent of the original volume of the 
medium. One-half per cent of phenol was added as a preservative. 
Tests were also performed with intracutaneous tuberculin (U. S. Bureau 
of Animal Industry) and with avian intracutaneous tuberculin. 

Four weeks after the sensitizing dose had been injected, the hair was 
removed from the abdomen with a depilatory, and on the following day 
the test substances were injected, four into each animal. No animal 
received more than one test with a given diagnostic filtrate or more than 
two tests with filtrates from the same group. It was believed that this 
distribution would equalize variations due to different reactivity of 
individual animals. Enough of the diagnostic substance was injected 
into the skin to make a definite bleb, perhaps 5 mm. in diameter, near 
each of the four corners of the depilated area. Except in the smallest 
animals this gave sufficient separation to make clear-cut readings possible. 

A summary of readings after 48 hours is presented in table 4. In this 
table the diagnostic filtrates are identified by the number of the strain 
from which they were made, the mammalian and avian tuberculins by 
Hu and A? respectively. 

There was good agreement among tests made with the filtrates from 


TABLE 4 


Summary of skin reactions of guinea pigs tested 4 weeks after sensitization: readings after 
48 hours 


SENSITIZED WITH STRAIN NO. 


DIAGNOSTIC FILTRATES 


21 None 


3 8a 
Group I Group II Group III (control) 


Group I 


Group II 


— +++ +++ 
+++ - 
+++ 
3 +++ - - 
++ - 
+++ 
4 — 
+++ 
+++ - - 
17 +++ 
+++ 
+++ - - 
22 +++ 
+++ 
+++ 
38 +++ 
+++ - 
++ - - 
- +++ - 
- +++ - 
21 +++ “ 
+ +++ - 
+++ 
24 +++ 
= 
31 - +++ - 
-+- 
34 +++ 
- ++ ++ 
35 +++ 
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TABLE 4—Concluded 


SENSITIZED WITH STRAIN NO. 


DIAGNOSTIC FILTRATES 


21 None 


8a 
Group II Group III (control) 


Group III 8a 
+++ 


+ Erythema and oedema 7 to 10 mm. in diameter. 
+-+ Erythema and oedema 10 to 15 mm. in diameter. 
+++ Erythema and oedema greater than 15 mm. in diameter, or greater than 10 mm. 
in diameter, when accompanied by central necrosis and “porcelain zone.” 


different members of a given group of strains. However, the filtrates 
made from members of the third group produced a significant number of 
skin reactions in animals sensitized with strain no. 21 representing the 
second group. 

No skin reactions were obtained in any group with mammalian or 
avian tuberculin, though the potency of these diagnostic products had 
been amply demonstrated. This is contrary to the experience of Craw- 
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ford (7), who obtained ‘‘inconstant and decidedly atypical” skin reactions 
in guinea pigs sensitized intraperitoneally with members of the sapro- 


phytic group. 
Pathogenicity for Guinea Pigs 


Within a few days after the skin test had been completed, the guinea 
pigs were killed and autopsied. The local lesion in most cases had ulcer- 
ated and drained, leaving a small lump of connective tissue. In some 
cases, however, it still contained a soft yellow pus in which acid-fast 
bacteria could be demonstrated microscopically. The only internal 
lesions were occasional very minute white spots on the liver, and pearly 
nodules, about 1 to 3 mm. in diameter, on the lungs. On microscopic 
examination of smears made from the liver lesions, no acid-fast bacteria 
were found. The lung lesions showed numerous epithelioid cells in the 
smears but only occasionally an acid-fast organism. The lesions occurred 
in the following number of cases: 


SENSITIZED WITH STRAIN 


ANIMALS AUTOPSIED 


ANIMALS WITH LIVER 
LESIONS 


ANTMALS WITH LUNG 
LESIONS 


3 
21 


17 
17 


7 
1 
5 


15 
13 
14 


8a 14 


Five guinea pigs of the seventeen injected with strain no. 8a died in 


less than four weeks after the subcutaneous injection. Three of these 
showed pneumonia and in two of them numerous acid-fast bacteria could 
be demonstrated in the lung tissue. Cultures were obtained from the 
lung on egg-slopes and glycerine-phosphate infusion agar. Most of the 
lung lesions in guinea pigs injected with strain no. 21 showed larger or 
smaller zones of hepatization surrounding the nodules. 


SUMMARY 


In an endeavor to find criteria for classifying the rapidly growing 
acid-fast bacteria, a group of 26 strains of diverse origin was studied 
comparatively. The features studied were (1) gross cultural features, 
(2) effects of various temperatures of incubation, (3) carbohydrate utiliza- 
tion, (4) acid-formation from glycerol, (5) growth on a simple synthetic 
medium, (6) dye inhibition, (7) sodium-chloride inhibition, (8) ability to 
utilize salts of organic acids, (9) cross allergic sensitization of guinea pigs 
as determined by skin tests, and (10) pathogenicity for guinea pigs. 

No useful information was gained regarding relationships among the 
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strains from their ability to grow on a simple synthetic medium, dye in- 
hibition, sodium-chloride inhibition, ability to utilize salts of various 
organic acids, or pathogenicity for guinea pigs. 

On the basis of gross cultural features (appearance and rapidity of 
growth on slopes made by solidifying Long’s synthetic medium with 
agar), it was found that the strains could be divided into three fairly 
homogeneous groups. This grouping was substantiated by temperature 
relationships, carbohydrate utilization, acid-formation from glycerol, 
and cross allergic sensitization in guinea pigs. 

Thus group I, consisting of 11 strains, made rapid growth on the 
slopes with a grayish-white, dull, wrinkled appearance, deepening to buff 
in old cultures. It grew at 50° but not at 54°, and at 15° but not at 8°, 
utilized glycerol, dextrose and mannite equally as carbon sources but did 
not grow on Long’s agar from which glycerol had been omitted, formed 
acid from glycerol, and gave skin reactions in guinea pigs sensitized with 
one of the members of the group. 

Group II (Lepra type) comprised the 6 lepra strains from the collec- 
tion, grew slowly on Long’s agar, the growth being brilliantly pigmented, 
yellow and orange. Growth took place at 40°, only occasionally at 45°, 
and not at all at 50°; most of the strains grew at 8° and 15°. Glycerol, 
dextrose and mannite served as carbon sources. Some strains grew on 
Long’s agar from which glycerol had been omitted, others did not. Acid 
was formed from glycerol by one strain only. Skin reactions were ob- 
tained in guinea pigs sensitized with one of the members of the group. 
By both cultural and animal tests this group is less well defined than the 
other two. 

Group III (Phlei type). The 7 members of this group gave a char- 
acteristic dry yellow growth on slopes, piling up irregularly. Rapidity 
of growth at 37° was midway between that of groups I and II. Growth 
took place at 54° but not at 58°; also in seven days at 6-8°, the lowest 
temperature tried. Glycerol, dextrose and mannite were equally utilized 
as carbon sources. Growth was vigorous on Long’s agar from which 
glycerol had been omitted. Acid was not formed from glycerol. Skin 
reactions were obtained in guinea pigs sensitized with one of the mem- 
bers of the group, and to a lesser extent in guinea pigs sensitized with 
a member of group II. 

Two strains studied did not fall into any of the three groups described. 


The advice and assistance of Doctors W. A. Hagan and J. M. Sherman in conducting this 
study are gratefully acknowledged. ’ 
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A STUDY OF CHEMICAL CHANGES ACCOMPANYING THE 
GROWTH OF TUBERCLE BACILLI (H37) ON LONG’S 
SYNTHETIC MEDIUM! 


FLORENCE E. HOOPER,? ALICE G. RENFREW? AND TREAT B. JOHNSON 


Previous papers from this laboratory, dealing with the chemistry of 
the artificial production of bacteria, indicate that the culture growth of 
tubercle bacilli (human or H37, avian and bovine) and timothy-grass 
bacilli are characterized by quantitative and qualitative differences in 
the production of copper-reducing substances (1). Before formulating 
any definite conclusions or predictions regarding structure and composi- 
tion based on available data, it was considered very desirable to modify 
somewhat our previous technique, in order to determine whether the 
culture filtrates contain enzymes which affect the final proportions of 
reducing substances, especially on long storage. If active enzymes 
capable of altering carbohydrate constructions are actually present in 
such culture filtrates, it is of course obvious that the data previously 
reported may not in some cases represent the true reducing power of the 
medium or filtrates at the close of the selected growth periods. In the 
present paper are recorded the analytical results obtained in determina- 
tions of copper-reducing substances in two series of tubercle-bacillus 
(H37) culture filtrates, in one of which any active enzymes present were 
destroyed by heating at 60°C. for thirty minutes at the close of the se- 
lected growth periods. 


Growth of Tubercle-Bacilli Cultures and Their Preparation for Analytical 
Determinations 


The cultures used in this work were inoculated and grown, as in the 
previous investigations, in the plant of the H. K. Mulford Company, 
Glenolden, Pennsylvania.2 Two bottles of H37 were removed from 


1 From the Department of Chemistry, Yale University, New Haven, Connecticut. Sup- 
ported in part by a grant from the National Tuberculosis Association. 

2 National Tuberculosis Association Research Fellows. 

3 We are indebted to Mr. Glenn of the Mulford Co. for the control of the culture growths 
and their preparation before shipment to the Sterling Chemical Laboratory at Yale University 
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the incubator at the close of the selected growth-periods, namely, at the 
close of each successive week from one to twelve and finally sixteen. 
The organisms were immediately separated by means of a centrifuge and 
the medium run immediately through a Berkefeld candle. The duplicate 
filtrates were then handled as follows: One was treated directly with 
toluene and sealed in a bottle; the other was heated to 60°C. and main- 
tained at this temperature for thirty minutes to destroy enzymes, cooled, 
and sealed as in case one after adding toluene. The tubercle bacilli 
were transferred to bottles and preserved with 1 per cent phenol solution, 
and sealed. The sealed containers were shipped- immediately to the 
Sterling Laboratory. 


Method of Handling at the Laboratory 


On receipt of the bacterial material and respective filtrates at the 
laboratory, the filtrates and water rinsings of the containers were trans- 
ferred to 250-cc. volumetric flasks, and made up to standard volume with 
distilled water. After making the transfer to the volumetric flask it was 
necessary to remove some of the toluene added at the plant. This was 
done by means of a pipette after sufficient time had elapsed for clarifica- 
tion of the solution and separation of the toluene from the water. The 
volume of the unit filtrate received from the plant was calculated from 
the total volume of distilled water used in the dilution to a standard 
volume. A layer of toluene was maintained over each solution to pre- 
serve sterility of the bacterial filtrates. 


Quantitative Technique 


Although the present research was primarily concerned with the deter- 
mination of reducing substances, the variations in pH of the medium and 
also in the yield of organism produced during the culture period were 
also recorded. It was expected that such data would be of value as a 
check on the normal character of the bacterial growth. The pH was 
determined colorimetrically on an aliquot of the diluted filtrate. 

The bacterial organisms were washed by centrifugating several times 
with cold distilled water and once with alcohol. They were then spread 
out on filter paper and dried over night. The culture growth was then 
broken up, transferred to a weighing tube and dried to constant weight 
by heating at 60°C. in an Abderhalden drying outfit. Due to a change 
in staff-workers, the alcohol washing was omitted for the sixth, seventh 
and eighth weeks’ growth. This modification in technique gave low 
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TABLE 1 
Quantitative data obtained during the growth of tubercle bacilli H37 on Long’s synthetic medium 


SUGAR BY SHAFFER- | SUGAR BY SHAFFER- 
HARTMANN HARTMANN 
METHOD, BEFORE METHOD AFTER 
HYDROLYSIS HYDROLYSIS 


terms of glucose) 


per bottle 


WEIGHT OF BACILLI DRIED AT 
COAGULATION OF PROTEIN AFTER 


TOTAL VOLUME OF FILTRATE RE- 
HEATING 


B HEATED 30 MINUTES AT 
pH AFTER DILUTION TO 250 cc. 
CEIVED FROM PLANT 


SERIES (A NOT HEATED. 
60°C.) 


terms of glucose) 


TIME OF GROWTH 

Cu per bottle 

Reducing sugar (in 
per bottle 

Cu per bottle 

Reducing sugar (in 


8 
a 


weeks 


1 


co 


4 


a 
181 
| 
2 
3 I 7.4 t 158 
7.4 168 + 
: : 5.6 | 1.7 150 0.012 | 0.010 | 0.062 | 0.051 
5.4 | 1.9 124 + | 0.013 | 0.011 | 0.069 | 0.054 
5 $2 | 2:3 115 ** 10.015 | 0.013 | 0.183 | 0.162 
6.6 | 2.0 102 — | 0.009 | 0.007 | 0.033 | 0.028 
6 5.8 | 1.57§ | 124 0 0 0.048 | 0.039 
5.8 | 1.58 140 + | 0.046 | 0.029 | 0.254 | 0.130 
7 5.8 | 1.15§ | 125 0.017 | 0.014 | 0.133 | 0.081 
5.8 | 1.06 102 + | 0.007 | 0.006 | 0.101 | 0.063 
8 6.0 | 0.88§ | 104 0.026 | 0.020 | 0.212 | 0.113 
| 6.0 | 0.65 110 + | 0.039 | 0.026 | 0.312 | 0.154 
in 6.1 | 1.36 122 0.101 | 0.052 | 0.581 | 0.264 | 
6.0 | 1.54 115 + | 0.042 | 0.028 | 0.390 | 0.187 
6.1 | 1.40 98 0.080 | 0.043 | 0.383 | 0.183 
| 6.1 | 1.23 107 + | 0.039 | 0.027 | 0.370 | 0.178 
ue I 6.1 | 1.50 103 0.081 | 0.044 | 0.469 | 0.218 
6.1 | 1.04 118 + | 0.099 | 0.051 | 0.444 | 0.211 


HOOPER, RENFREW AND JOHNSON 


TABLE 1—Concluded 


J < | E SUGAR BY SHAFFER- | SUGAR BY SHAFFER- 
o a ta fe HARTMANN HARTMANN 
< 3 5 & = METHOD, BEFORE METHOD AFTER 
a a HYDROLYSIS HYDROLYSIS 
& 8 & & 
Bp 4 Zz 
= aS $3 a3 
| ga a | | | Fe 
fe $8 3 4 Hae 
a am r=) 5 ow a 


grams grams grams 


12 A 6.1 1.18 88 0.090 | 0.049 | 0.450 | 0.211 
B 6.1 1. 105 + 0.029 | 0.022 | 0.367 | 0.176 
16 A 6.1 T 88 0.115 | 0.058 | 0.604 | 0.274 
B 6.2 91 + 0.056 | 0.033 | 0.439 | 0.206 


* From which filtrates, A or B, the bacilli were obtained was not designated on the sealed 


containers. 
t The bacilli harvested at the close of weeks 1, 2 and 3 and 16 were not sent to the labora- 


tory. 
§ These results are believed to be low, due to a modification of technique which was em- 
ployed in obtaining them as described above. 
** The presence of a distinct precipitate in culture 5, series A, and the absence of such a 
precipitate in culture 5, series B, suggest that the labels attached to these filtrates may have 
been interchanged at the plant before shipment. 


results, due to the fact that, on drying, the organisms which had been 
moistened with water tended to adhere to the filter paper and losses 
resulted in transferring to the drying tube. 

Reducing substances were determined in the protein-free tungstic- 
acid filtrates, both before and after hydrolysis, by the Shaffer-Hartmann 
method, using the procedures described by Johnson and Renfrew (2) 
and Renfrew, Bass and Johnson (3). 

During the course of this investigation it was called to our attention 
that Tompsett (4) has shown that low results are obtained by the Shaffer- 
Hartmann method, due to the fact that the potassium salts in the reagent 
so retard the reaction that some of the glucose is oxidized by the dissolved 
oxygen before it is capable of reducing any copper, and consequently he 
has suggested a modification in technique which eliminates this difficulty. 
Since the present data were to be used mainly for purposes of comparison 
with previous results, it was considered unnecessary to adopt this modi- 
fication in the present work. 

The analytical results obtained in our research are recorded in tables 
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TABLE 2 
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Further quantitative data obtained during the growth of tubercle bacilli (H37) 


= SUGAR BY SHAFFER-HARTMANN METHOD 
& BEFORE HYDROLYSIS 
i pH AFTER DILUTION| WEIGHT OF BACILLI 
pe TO 250 cc. DRIED AT 60°C. Reduci 
educing sugar per 
y Cu per bottle bottle 
am 
° oOo ° ° = ° 
go $8 £5 | | $8 | | 
g aS | | | | §& | | 
weeks grams grams grams grams grams grams 
7 A 5.8 5.8 1.2*-7| 1.3*** | 0.017 | 0.038 | 0.014 | 0.026 
B 5.8 5.8 1.1 1.4 0.007 | 0.040 | 0.006 | 0.027 
8 A 6.0 6.0 Q.9%F) 1.3" 0.026 | 0.057 | 0.020 | 0.038 
B 6.0 6.0 0.7 § 0.039 | 0.028 | 0.026 | 0.022 
SUGAR BY SHAFFER-HARTMANN METHOD AFTER HYDROLYSIS 
TOTAL VOLUME OF FILTRATE 
RECEIVED FROM PLANT 
Cu per bottle Reducing sugar per bottle 
grams grams grams grams cc. cc. 
- A 0.133 0.184 0.081 0.102 125 108 
B 0.101 0.242 0.063 0.126 102 99 
8 A 0.212 0.327 0.113 0.160 104 126 
B 0.312 0.230 0.154 0.121 110 117 


* From which filtrates, A or B, the bacilli were obtained at the plant was not designated. 

t These values are low due to a modification in technique which resulted in loss due to 
some of the organisms sticking to the filter paper on which they were spread out to allow 
evaporation of excess moisture before drying in an Abderhalden. 

§ Lost due to breaking of tube while centrifugating. 

** This material was labeled “7th week’’ by tag, but “8th week” was written on the bottle 
with a china marking pencil. The growth which was lost was labeled “8th week” by tag, 
while the bottle was marked “7th week”’ with a china marking pencil. 
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1 and 2. A graphic representation of the significance of the factors 
obtained as a result of analyses is given in the accompanying charts I, 
II, III and IV. 


The Influence of a Long Period of Storage on the Carbohydrate Content of 
the Culture Filtrate 


A comparison of quantitative data obtained on culture filtrates from 
growth of tubercle bacilli (H37) on Long’s medium is recorded in table 2. 
In one case the bacilli were harvested at the end of the growth-period 
and in the other after cold storage for four months following the normal 
growth period. It is quite apparent from the data recorded in table 2 
that the reducing power of the filtrate was not altered by the action of 
any specific enzymes generated by the bacilli. 


Discussion of Charis 


The curves in chart I show the variations in volumes of the various 
culture filtrates as received at the laboratory from the plant. It was 
expected that the volume of any filtrate of series B would always be 
slightly less than that of the corresponding filtrates of the unheated 
series A, and that the volumes of both series A and B would decrease at 
a decreasing rate due to an increased concentration of dissolved matter. 
The irregular volume-variation shown by the curves indicates that loss 
of volume undoubtedly occurred in some instances, either through 
failure to allow complete drainage during filtration through the Berke- 
feld candle, or from other causes during the plant operations. For these 
reasons, we are restricted in making a correct interpretation of the data 
given, especially in terms of the cultures as a whole. 

The curve in chart II, showing the variation in pH for both series A 
and B, coincides in general with that obtained in previous investigations 
of the human strain H37. The abnormality shown by series B in the 
fifth week is probably due to some contamination which affected the 
analytical readings. 

The variations in bacterial growth from week to week are shown by 
the curve in chart III. Since the values obtained for the sixth, seventh 
and eighth weeks were known to be low, these plots were disregarded, 
and the dotted portion of the curve was drawn to conform to the general 
shape of the growth curve previously obtained. 

The irregular character of the curves showing the variations in quantity 
of copper reducing substances each week (see chart IV) is not surprising 
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in view of the variation in the volumes of culture filtrates received from 
the plant. For the same reason the failure of the curves for series A to 
coincide with corresponding curves for series B cannot be considered as 
evidence for the presence of an enzyme affecting the reducing power of 
series A. Instead, the similarity of the general shape of the correspond- 
ing curves of the two series suggests that the bacterial organisms (H37) 
do not produce an enxyme which affects the carbohydrate composition 
during storage. Due to the variation in filtrate volumes which has 
affected the analytical values, it has been impossible to develop a curve 
coinciding closely with that given originally by Johnson and Renfrew (5). 
Whether the variation in filtrate volume is wholly responsible for the 
lack of agreement shown by the two curves is open to question and 
further attention will be given to this point. 

A comparison of the data obtained in both series of filtrates (A and 
B) shows that the reducing power of the medium in which the bacilli 
have been grown is greatly increased after hydrolysis. 


SUMMARY 


1. Analyses for copper-reducing substances have been made on two 
series of tubercle-bacilli (H37) culture-medium filtrates, in one of which 
any enzymes destructive of carbohydrate combinations were destroyed 
by heat at the time of harvesting cultures. 

2. The data obtained from analyses suggest, but do not offer conclusive 
proof, that the tubercle bacillus (H37) does not produce an enzyme 
capable of affecting the reducing power of the filtrates.* 

3. The reducing power of the culture filtrates is increased by hydroly- 
sis, as has been observed in the case of the other acid-fast organisms 
which have been investigated. 
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4 New work, which will be discussed in a later paper, also indicates that such a conclusion 
is probably correct. 


A SIMPLIFIED EGG MEDIUM FOR THE CULTIVATION OF 
MYCOBACTERIUM TUBERCULOSIS 


WILLIAM H. FELDMAN! 


Miraglia, in 1929, described a medium for the isolation and growth of 
Mycobacterium tuberculosis which has proved very useful for the main- 
tenance of stock cultures and for the isolation of the organism direct 
from infectious material of human origin. The medium as described by 
Miraglia consisted of the yolks of seven eggs and 100 cc. of a broth com- 
posed of meat extract, peptone, glycerine, and distilled water. Since a 
few preliminary observations seemed to indicate that the essential con- 
stituents of this medium were the egg-yolks and the solution of glycerine, 
an experiment was undertaken to ascertain, if possible, the cultural 
efficiency of a medium containing these simple ingredients. 


PREPARATION OF MEDIUM 


1. Seven fresh eggs are washed in warm water and immersed for ten 
minutes in 80 per cent alcohol. 

2. A portion of the shell is carefully broken at one end of the eggs, and 
the membranous sac is punctured with sterile, sharp-pointed scissors. 
The egg-white is discarded and the yolks are discharged into a sterile 
mixing bowl. 

3. To the egg-yolks are added 100 cc. of a 6 per cent solution of glyc- 
erine prepared as follows: glycerine 24 cc., distilled water 500 cc., ster- 
ilized in the autoclave for fifteen minutes at 15 pounds’ pressure. The 
solution can be autoclaved in 100-cc. portions and stored for future use. 

4. The egg-yolks and the solution of glycerine are thoroughly mixed 
with a sterile egg-beater and tubed, using sterile apparatus. Precau- 
tions are taken to minimize possible contamination. 

The sterilizing is done in the Arnold sterilizer or the inspissator, on 
the first day at 75°C. until solidified, then at 85°C. for one hour, and on 
the second, third and fourth days at 75°C. for one hour. Before the 
medium is used it should be incubated for two days at 37°C. It is best 


1 Division of Experimental Surgery and Pathology, The Mayo Foundation, Rochester, 
Minnesota. 
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stored in the refrigerator, and drying can be minimized by placing the 
tubes in large cylindrical museum jars, smearing the contact surfaces of 
the jar and the lid with petrolatum. A few crystals of thymol seem to 
assist materially in controlling molds. 


METHODS AND MATERIAL USED 


It has been shown in a previous study (2) that the medium of Miraglia 
was of limited usefulness in the isolation and growth of the bovine tu- 
bercle bacillus, from spontaneously infected material. In this instance, 
therefore, the problem was concerned largely with the question of de- 
termining the suitability of the simplified egg-yolk and glycerine-solu- 
tion mixture for the growth of Mycobacterium tuberculosis of human origin. 
The use of stock cultures was avoided, since the biology of the tubercle 
bacillus is markedly altered by growth on artificial media. Conclusions 
reached concerning the value of a given medium following its inoculation 
by a stock culture may prove entirely fallacious when the same me- 
dium is inoculated with spontaneously infected material. 

The material used in the first part of this investigation was obtained 
from the Section on Clinical Pathology and the Section on Surgical 
Pathology of The Mayo Clinic, and consisted of 14 specimens of urine 
from the bladder, voided and catheterized, one specimen of sputum, 
and one specimen of tissue. By appropriate staining the presence of 
acid-fast organisms was demonstrated in all of the 16 specimens. The 
precipitate obtained after centrifugating 10 cc. of urine was utilized for 
the direct demonstration of acid-fast organisms whereas their presence 
in the sputum and the tissue was revealed by a direct smear of the in- 
fective material. 

For the purpose of killing or inactivating contaminating bacteria 
which may have been present in the respective specimens, two portions 
of 1 cc. of each specimen were each treated for thirty minutes at 37°C. 
with 1 cc. of a 5 per cent solution of oxalic acid, as recommended by 
Corper and Uyei. After centrifugation all but approximately 0.5 cc. 
of the supernatant fluid was discarded, and with a capillary pipette the 
precipitate was thoroughly mixed with the remaining fluid. The two 
suspensions prepared from each specimen were then mixed and distrib- 
uted over the surface of the culture media. 

The suspensions obtained from each specimen were distributed over 
the surfaces of 5 tubes of the medium as originally prepared by Miraglia 
and over the surfaces of a similar number of tubes of the medium I have 
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described. The tubes were capped with rubber finger-cots and incubated 
at 37°C. They were examined after the lapse of a week and twice 
weekly thereafter. 


RESULTS 


The results of the attempts to obtain cultures of Mycobacterium tuber- 
culosis from the 16 specimens of clinical material are summarized in 


table 1. 


TABLE 1 
Infectious material of human origin and results of attempts to isolate and grow acid-fast bacilli 


NUMBER MATERIAL ORIGINAL MIRAGLIA MODIFIED MTRAGLIA 


days days 
2 cc. urine +28 +25 
2 cc. sputum +15 +20 
2 cc. urine +24 +19 
2 cc. urine +50 +26 
2 cc. urine +15 +15 
2 cc. urine —93 —93 
2 cc. urine +23 +23 
2 cc. urine +21 +21 
2 cc. urine +31 +24 
2 cc. urine +43 +36 
2 cc. urine —98 +56 
2 cc. urine +22 +22 
2 cc. urine +20 +20 
2 cc. urine — 86 — 86 
renal tissue +14 +14 
2 cc. urine +21 +21 


CONTA WD 


Few of the tubes were discarded on account of the development of 
contaminating bacteria. Pure cultures of acid-fast organisms, morpho- 
logically similar to the tubercle bacillus, were obtained from 14 of the 
16 specimens. The two specimens from which growth was not obtained 
gave negative results on both media. Cultures from six of the specimens 
grew first on the simplified egg-yolk and glycerine combination, the 
difference in time varying from three to as much as twenty-four days. 
In one instance in which growth appeared after fifty-six days on the 
simplified medium, colonies failed to appear on Miraglia’s medium, 
although the tubes were kept under observation for ninety-eight days. 
In only one instance did growth occur on Miraglia’s medium sooner than 
on the egg-yolk and glycerine medium, the time being fifteen and twenty 
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days, respectively. Seven of the inocula yielded colonies on both media 
simultaneously; growth appeared after the lapse of 14, 15, 20, 21, 21, 22 
and 23 days, respectively. 

The final luxuriance of the growths was comparable on the two media 
and was evidently dependent on the number of mycobacteria present 
in the infective material. Likewise there seemed to be a correlation 
between the number of acid-fast organisms in the inoculum and the lapse 
of time before colonies appeared; the greater the number of organisms, 
the shorter was the lapse of time before growth appeared. 

The failure to obtain cultures from the sixth and fourteenth specimens 
was perhaps due to the small amount of urine used. Acid-fast bac- 
teria were found in smears prepared from the precipitate obtained from 
centrifugating 10 cc. of each of these specimens, whereas the amount used 
for the culture was only 2 cc. 

The suitability of the simplified medium for the cultivation of Myco- 
bacterium tuberculosis of avian origin was also investigated. Lesions 
from 10 spontaneously infected chickens were emulsified and portions of 
the material were treated with 5 per cent solution of oxalic acid prelim- 
inary to the inoculation of the culture media. The media used were the 
same as those utilized for culturing the material of human origin. The 
respective cultures were all successful, growth appearing in the majority 
{ of instances in from fourteen to twenty-eight days. In every instance 
colonies were apparent on the egg-yolk and glycerine solution one to 
two weeks before growth was discernible on the medium prepared by 
Miraglia’s original formula. 


SUMMARY AND CONCLUSIONS 


By eliminating the meat extract and the peptone from the medium 
recommended by Miraglia for the cultivation of Mycobacterium tubercu- 
losis and preparing a mixture consisting of the yolks of eggs and glycerine 
water, a medium was obtained comparable, if not superior, in growth- 
promoting qualities to the medium prepared by the original method. 
The simplified medium is easy to make and costs less than the original. 
i Experiments with spontaneously infected tuberculous materials, ob- 
tained from human beings and from chickens, demonstrated the suitabil- 
; ity of the simplified egg-yolk and glycerine-water mixture for the isola- 
tion and growth of both the human and avian forms of Mycobacterium 
tuberculosis. In many instances the bacterial colonies developed earlier 
on the modified medium than on media prepared according to the me- 
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thod of Miraglia, and the dependability of the simplified mixture for the 
cultivation of the human and avian forms of Mycobacterium tuberculosis 
was apparently as high as that of the medium made according to the 
original formula. 
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A STUDY OF TUBERCULOSIS CONTACTS IN FAMILIES!? 
W. S. BARCLAY 


Apparently a comprehensive study of tuberculosis contacts has not 
been carried out previously in this essentially agricultural area of Western 
Canada, where the majority of the population are widely separated. 
People in whom the sanatorium is particularly interested often live at a 
considerable distance, and many who feel perfectly well submit reluc- 
tantly to examination, so that in spite of two year’s preparatory work 
the findings in only a small group of families are available for presentation 
at this time. 

This study was primarily undertaken to determine the extent of tu- 
berculosis among children contacts, and to decide which group should 
receive first and most vigorous attention in a program of prevention. 
In compiling the information some 132 family units were considered. 
Since there were no children in 32 of these, they have not been included 
in the main portion of the study, and appear only in the consideration of 
consorts. For reasons mentioned above, it has been possible to secure 
only 80 complete families. Therefore, a further 20 families, which it was 
impossible to complete, have been included to make the desired total, 
even though in this incomplete group some 30 living individuals were 
missing. Five of these were children, all grown up, who had little or 
no contact with the original case. The remaining 25 were consorts and 
parents. It was felt that the omission of these few individuals (none of 
whom appear to have at least active tuberculosis) would not materially 
affect the more important phases of the study. Note should be made, too, 
of one modified family in which the original patient was a grandmother, 
age 55, who made her home for short intervals with various married 
children. Considering that she was of careless habits, and that the differ- 
ent families were intimately exposed for comparatively brief periods yet 
showed extensive infection, it was decided to include the several indi- 
viduals as a single family. 

1From the Saskatoon Sanatorium (operated by the Saskatchewan Anti-Tuberculosis 
League) Saskatoon, Saskatchewan. 

2 A prize-winning thesis in the 1931 competition conducted by the Canadian Tuberculosis 
Association. 
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The material for the study includes rural and urban patients of all 
classes and races and for this reason is representative of the province. 
No pure-blood Indians are included. Most of the examinations have 
been done in the past three or four years, the records used being those 
made when the contact was first examined at the Sanatorium. The 
majority of these are routine sanatorium records, except that latterly an 
effort was made to obtain complete information for purposes of the 
study. 

Certain concrete problems were set out, viz.: 


: Incidence of tuberculosis in contacts. 

: Relative fruitfulness of examining various classes of contacts. 

: Age-group of contacts yielding the greatest proportion of tuberculosis. 

: Significance of age at time of exposure. 

: Relationship of primary case to the contact in case-finding. 

: Influence of duration of exposure. 

: Optimum time after exposure for examination of contact. 

: Significance of such factors as living conditions, past health, family tem- 
perament, underweight, temperature and intimacy of contact. 

: Incidence of positive tuberculin reactions. 

: Relative value of methods of investigation, such as history, physical 
examination, tuberculin, X-ray. 

: Problem of the latent case. 

: Valuation of agencies generally being used for diagnosis,—public-health 
nurse, family physician, clinic, consultant, sanatorium. 

13: Place of contacts in a preventive program. 


Throughout this paper “primary” case indicates the probably original 
patient in the family, who is usually the first case to appear at the sana- 
torium; “consort” includes parents; and “children” includes brothers or 
sisters of “primary” cases. 

As stated above, the study is of a group of 132 families, or a total of 
413 individuals. In 114 families the primary case was a consort or par- 
ent, and in 18 a brother or sister. The contacts studied consisted mainly 
of consorts and children, the remainder being parents, brothers and 
sisters. Of the entire group of 413, there were 212 males and 201 fe- 
males, including 155 brothers or sons, and 141 sisters or daughters, or a 
total of 296 children. There were 15 parents (6 fathers and 9 mothers), 
also 102 consorts (51 husbands and 51 wives). The average number of 
children per family was 2.96, but if 18 children who were primary cases 
were included the average was 3.14. The average age of children was 
10.1 years. 
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All the 132 primary cases had pulmonary tuberculosis, the disease 
being active in 131, and apparently arrested in one. There were 110 
bacillary cases (83.3 per cent), 92 having far advanced disease on ad- 
mission, and 22 cases (16.7 per cent) that were nonbacillary. 

Definite tuberculosis was found in only four of the 22 families exposed 
to nonbacillary primary cases, seven individuals being so diagnosed. 
Complete investigation of these 4 cases indicated that, although the 
primary was bacillary negative under our care, he probably had been 
occasionally infectious at home, or that there had been a more remote 
infector in the family. That is, the number of families exposed to 
nonbacillary cases was really reduced to 18, though for the study such a 
regrouping of the primaries could not be made. 

The incidence of tuberculosis in the contacts of bacillary primaries was 
83 out of 338 (24.6 per cent), while in the contacts of nonbacillary cases 
it was 7 out of 75 (9.3 per cent). 

It is well to comment here on the fruitfulness of a field outside the 
scope of this paper, viz.: contacts of cases of tuberculosis dying at home. 
In the past two years 25.7 per cent of such contacts examined at the Sana- 
torium were found to have tuberculosis. In the vast majority of these 
instances the primary case was undoubtedly bacillary, the duration of 
exposure was longer, and there probably were few precautionary mea- 
sures. 

Of the 413 contacts examined, 


103, or 24.9 per cent, had no symptoms but had definite or very suggestive 
signs (physical, x-ray or both) of tuberculosis (contrast /); 

71, or 17.2 per cent, exhibited symptoms and signs of active tuberculosis 
(including 7 nonpulmonary cases); 

19, or 4.6 per cent, presented evidence of inactive tuberculosis; and 

50, or 12.1 per cent, were definitely below par in health and were considered 
subjects for repeated observation. 


The 413 contacts fell into three groups: 


Tuberculous: Those in whom there was a demonstrable parenchymal X-ray 
lesion in the chest, or definite nonpulmonary lesions: 90, or 21.8 per cent, of 
the total. 

Suspects: Those with one or more of the following points, the sum total of 
which evidence was still inconclusive regarding actual disease; indefinite X- 
ray, positive tuberculin reaction, suggestive symptoms, moderate temperature 
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elevation, underweight, suspicious physical findings. While some of these 
children will develop tuberculosis later, they are at present only “suspects” 
requiring reéxamination,—107, or 25.9 per cent. 

Nontuberculous: 216, or 52.3 per cent. 


TUBERCULOUS CONTACTS: 90 


TABLE 1 


CLASSIFICATION 


Pulmonary tuberculosis, 81 
Active, bacillary 
Active, nonbacillary 
Inactive, nonbacillary 


Nonpulmonary tuberculosis, 9 
Inactive, adenitis, cervical 
Active, adenitis 
Caries, vertebral 


Sixty-four (71.1 per cent) of the 90 positive contacts (table 1) had ac- 
tive pulmonary tuberculosis, while 17 (18.9 per cent) had inactive dis- 
ease. There were 9 (10.0 per cent) cases of nonpulmonary lesions, 7 
being active and 2 inactive. 


Sex and Age: In this group there were 38 males and 52 females, or 21 
consorts and 69 children. The average age for the group was 16.6 
years, but for the children only 10.6 years. 


Occupation: Preschool, 25 (27.8 per cent); public or high-school, 29 
(32.2 per cent); housewives, 18 (20.0 per cent); farmers, 3 (3.3 per cent); 
laborers, 3 (3.3 per cent); various 12 (13.4 per cent). 


Residence: Thirty-six (40.0 per cent) lived on farms; 36 (40.0 per cent) 
in cities; 13 (14.4 per cent) in towns; and 5 (5.6 per cent) in villages. 
However, the incidence of tuberculosis among the total contacts living 
in cities was 24.5 per cent, compared with 18.8 per cent of those living on 
farms. The figures for towns and villages being small were inconclusive. 


Racial Origin: From the point of view of susceptibility to tuberculosis 
the Slavic races and one representative of the Scandinavian races (Nor- 
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wegian) were high in the list, while the Anglo-Saxons and Celts were 
appreciably lower. 


Family Temperament: Positive cases. Ambitious, 14 (7 families) ; high- 
strung, 13 (9 families); easy-going, 33 (19 families); lethargic 30 (16 
families). If the first two are considered as representing much the same 
type, it is evident that in this study family temperament is of little 
importance. 


Past Health: (Mostly subjective impressions of patient or parents.) 
In 84 of the 90 positive cases, the health was stated to be good in infancy 
and childhood. Information was available in 38 regarding health in 
adolescence and in all but two cases it was said to be good. In this group, 
poor health in the past (including frequent exanthemata) was not found 
to be a factor in the development of the disease. 


Living Conditions: 


TABLE 2 


GooD AVERAGE POOR 


(27) 30.0% | (50) 55.5% 
(17) 44.7% | (13) 34.3% 


Childhood (up to 12 years)................. (13) 14.5% 
Adolescence (ages 13-20)*................. (8) 21.0% 


* Complete information not available. 


In this group of contacts, 55.5 per cent of the tuberculous were living 
under poor home conditions in childhood (table 2). In 38 tuberculous 
contacts 34.3 per cent lived under poor conditions in adolescence. 


Examination Request: Considering our opportunities, it is not surpris- 
ing that 55 (61.1 per cent) of the 90 tuberculous contacts were examined 
at the request of the sanatorium physicians. In only three cases did 
the initiative come from some member of the family or the patient him- 
self. This would seem to indicate that education of the public regarding 
the dangers of family infection and the need for examination of immediate 
contacts is still quite inadequate. 


Importance of History: Of the 90 patients, 46 (51.1 per cent) had volun- 
tary complaints or had suggestive symptoms elicited during history- 
taking. In 31 of the 46 the complaints were indicative of tuberculosis. 
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Within a few months immediately preceeding the examination, 35 (38.9 
per cent) had had some outstanding condition or variation from usual 
health, with persisting symptoms suggesting the onset of tuberculosis. 
Following, in the order of frequency, is a brief list of these conditions and 
the duration of such prior to the date of examination: 


: Definite respiratory symptoms; 2 months, 3 months, 4 months, 6 months, 
and 9 months (2 cases). 

: Pleuritic pain and various persisting symptoms since then; 2 weeks, 3 
weeks, 3 months, 5 months and 2% years. 

: Dating from “influenza;” 1 month, 2 months, 4 months (3 cases). 

: Definite localizing symptoms; spine 3 months, spine 14 months; knee 7 
months. 

: Symptoms following one of the exanthemata; 1 year, 1} years, 2 years. 

: Loss of energy; 1 month, 2 months, 1 year (with recent erythema nodosum). 

: Loss of appetite; 1 month (2 cases). 

: Symptoms persisting after parturition; 17 months, 18 months. 

: Lymph nodes; visible 1 month, intermittent suppuration 2 years. 

: Symptoms following so called “nervous breakdown;” 1 year. 

: Postoperative sinus in axilla (biopsy positive); 5 weeks. 

: Bilateral “pneumonia” in young child 2 months ago; hospital 17 days. 


In determining equipment necessary for case-finding among contacts, 
it is important to note that, without the aid of special facilities, and 
even without the stethoscope, definite suspicion could be attached to 
39 per cent of those found tuberculous simply by careful enquiry into 
recent health, at the same time appreciating the significance of exposure 
to tuberculosis within the home. 


Duration of Exposure: Since the sputum of primary cases was seldom 
examined before admission, and since some so called nonbacillary cases 
appeared to be “open” occasionally, the duration of expectoration in 
months before admission was considered more important as an index of 
infectiousness than the incidence of positive sputum on admission. In 
relation to the entire group of 413 contacts it was found (table 3) that, 
after exposure to expectoration for periods up to six months, 9.7 per cent 
were suffering from tuberculosis, while by the end of one year 15.7 
per cent were so affected. However, 44.4 per cent of the 90 tuberculous 
contacts had been exposed for six months and 72.2 per cent for one 
year. 
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Furthermore, it would appear that after a year’s exposure to expectora- 
tion the rate of incidence of tuberculosis in contacts does not increase. 

Sixty-four of the 90 primary cases had had expectoration for twelve 
months or less. 

It is of interest to note that histories of several primary cases indicated 
the deaths of some 15 children shortly before or after removal of the 
spreader. Six were under six months of age; four were from 6 to 12 
months, three were from 1 to 4 years, one was six years, and one seven- 
teen years. Practically all died of tuberculosis. 


TABLE 3 


2 or less 55 22 20 22:2 20.6 
3-6 82 29 20 22:2 17.5 
7-12 30 24 25 27.8 ZZ 
13-18 19 9 7 7.8 ys Ws | 
19-36 17 13 10 11.1 21.4 
Over 36 14 9 8.9 21.7 


Mode of Onset of Disease: 


Catarrhal: colds, cough, expectoration, grippe, bronchitis....... 25 (27.8%) 
Insidious: lassitude, fatigue, loss of strength or weight (including 
Pleuritic: chest pain, with or without effusion................ 9 (10.0%) 


Febrile: chills, fever, malaise, generalized pains, anorexia, diges- 


Of the 37 whose mode of onset could not be determined, ten had symp- 
toms at the time of examination, but invariably they were quite vague or 
were causing the patient no appreciable concern. The other 27 (30.0 
per cent of the tuberculous contacts) had no symptoms or recent sugges- 
tive illnesses whatever and were apparently in their usual health. In 
those presenting symptoms the catarrhal type of onset was most promi- 

nent. Such symptoms form the basis for one of the popular lay concep- 
tions of how tuberculosis develops. When the patient is a contact, and 
has persisting or recurrent catarrhal symptoms, there is no doubt that he 
should receive early competent investigation. 

In significant contrast to the foregoing, there were only a few with in- 
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sidious onset, if one excludes for the moment the nonpulmonary cases 
(which too often do present definite but unrecognized localizing symp- 
toms). It may be that the idea of an insidious onset in tuberculosis is 
developed too strongly in much of the propaganda against the disease. 
Genuine chest pain in a contact always requires adequate study, while the 
febrile type is no less important. A history of haemorrhage is seldom 
to be expected in diagnosing tuberculosis in contacts. 


CHILDREN: 296 


Incidence of Tuberculosis: Sixty nine, or 23.3 per cent, were tubercu- 
lous. The average age for this group was 10.1 years. 


Diagnosis: 
TABLE 4 
Percentage according to age-groups 


AGE (YEARS) 


0-1 1-4 5-9 10-14 15-19 20-29 30-39 


Tuberculous (4) 57.1/(15) 27.3)(17) 18.1)(13) 19.1)(12) 23.1](8) 42.1) — 
Suspects (2) 28.6|(15) 27.3|(29) 30.8](29) 42.7|(13) 25.0)(3) 15.8} — 
Nontuberculous (1) 14.3)(25) 45.4/(48) 51.1/(26) 38.2/(27) 51.9/(8) 42.1] (1) 


While the small numbers available in the age-groups 0-1 year and 
20-29 years do not justify very definite conclusions, yet it can be said 
that the incidence of tuberculosis in this study was definitely higher in 
the first 5 years and after 15 years than in the period 5-14 years (table 
4). When there is a matter of choice, probably the preschool group 
should receive first attention. As Dobbie (2) has pointed out, while at 
this age infection is not very widespread yet it more often results in 
disease and consequently prevention of massive infection is highly de- 
sirable. 


Home Conditions: 
TABLE 5 


PER CENT 
TUBERCU- SUSPECTS NONTUBER- OF THIS 


GROUP 


10 12 16.2 
19 32 34.8 
40 47 49.0 
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Forty-nine per cent (145 out of 296) of the entire group and 58 per 
cent (40 out of 69) of the tuberculous children lived under poor home 
conditions (table 5). This is less significant when one notes that similar 
conditions prevailed among 54.6 per cent of reactors to tuberculin in a 
survey of school children in this area. 


Adequate Food: 


Nontuber- 
Tuberculous Suspects culous , Totals 


39 (56.5%) 74 103 216 (76.4%) 
17 33 80 


Two hundred and sixteen, or 76.4 per cent, of all the contact children 
were receiving adequate food, while only 39, or 56.5 per cent, of the tu- 
berculous children were as fortunate. However, an inadequate food- 
supply seemed to be of minor importance in the development of tubercu- 
losis. 


Susceptibility to Tuberculosis: Since the finding of one tuberculous 
child in a family of contacts might be expected, it was decided that 
families in which more than one were found should be termed “‘suscep- 
tible.”’ Such a definition, of course, does not take into account the 
changing opportunity for infection in the home, and the variable factors 
of resistance, but would be of practical use in a preventive program. 

In this study there were 21 “susceptible” families (88 children) in 
which 52, or 59.1 per cent, of the children were tuberculous, and 79 non- 
susceptible families (208 children) in which 17, or 8.1 per cent, were 
tuberculous. 

As shown before, the incidence of tuberculosis in the entire group of 
children was 23.3 per cent. Therefore, the detection of a ‘“‘susceptible” 
family merits special consideration on the part of public-health authori- 
ties, and frequent examinations, including good X-ray films, are definitely 
indicated. 


Source of Infection: Of children exposed to a bacillary primary 26.7 
per cent were tuberculous, while of those exposed to a nonbacillary 
primary 8.8 per cent were tuberculous (table 6). In effect, these per- 
centages are closely substantiated by the results of sanatorium contact 
examinations here in the past two years, although family groups were 
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not always complete, the respective figures being 20.4 per cent (143 out 
of 700) and 8.2 per cent (20 out of 243). 

Of the tuberculous children in this study 92.8 per cent had been exposed 
to a bacillary primary, and 7.2 per cent had been*exposed to a non- 


bacillary case. 
TABLE 6 


TUBERCULOUS SUSPECTS NONTUBERCULOUS 
PRIMARY CASE 


Number | Per cent | Number |} Per cent | Number | Per cent 


Bacillary 64 26.7 76 31.8 99 41.5 
Nonbacillary 5 8.8 15 26.3 37 64.9 


Incidence of Tuberculosis in Relation to Exposure to Sputum: Of 
68 children exposed to sputum for 2 months, 13 (19.1 per cent) were 
tuberculous (table 7). 

Of 164 exposed 6 months, 28 (17.1 per cent) were tuberculous. 

Of 221 exposed for 12 months, 47 (21.2 per cent) were tuberculous. 


TABLE 7 


CUMULATIVE 


a” NONTUBERCULOUS SUSPECTS TUBERCULOUS PER CENT 
TUBERCULOUS 


11.6 
19.1 
16.0 
17.1 
21.2 
21.5 
22.7 
23.3 


23 15 
11 6 
36 14 
22 9 
17 21 
10 9 
10 11 

7 6 


= 


It would seem that as many contact children as possible should be 
examined within a year from the time the primary case develops sputum. 
At this time it appears that the percentage of tuberculosis found will be 
almost as high as at any other period afterward. While such early ex- 
aminations yield a generous percentage of positive cases, yet it is true 
that longer exposures will yield slightly higher figures. Also, there are 
some who, though showing no demonstrable lesion at the first examina- 
tion, break down later. As McPhedran (3) and others point out, re- 
peated investigations of contacts are desirable for several years after 
removal of the primary case. This aspect could not be developed in 
this study because of small numbers. 
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Intimacy of Exposure: The incidence of tuberculosis, found among 
those living in the same house, was 23.3 per cent. Twenty-three out of 
98, or 23.5 per cent, of those sleeping in the same bedroom, were tubercu- 
lous, and 7 out of 26, or 26.9 per cent, sleeping in same bed as the pri- 
mary case were tuberculous. Thus, the greater the degree of intimacy 
within the home, the more frequently was disease found in the contact. 
When the contact was tuberculous, 92.2 per cent of the corresponding 
primary cases were prior to admission using no precautions against spread- 
ing of infection, probably due to ignorance of the nature of symptoms 
present. 


Exposure to Parent: 


TABLE 8 


SUSPECTS NONTUBERCULOUS 


EXPOSED TO TUBERCULOUS 


(42) 38.5% 
(67) 61.5% 


(40) 51.9% 
(37) 48.1% 


Of the tuberculous children 56.6 per cent were exposed to the father 
and 43.4 per cent to the mother (table 8). Of the total children exposed 
to the father 26.8 per cent were tuberculous, and of those exposed to the 
mother 18.1 per cent were tuberculous. Apparently in this group the 
father was a greater source of infection than the mother, although this 
is contrary to most information in regard to parental infection (4) (5). 


Exposure to Others in the Family: Figures, indicating the incidence of 
tuberculosis in brothers and sisters and parents, are not large enough in 
this group to permit reliable deductions. 


Weight: 


TABLE 9 


SUSPECTS NONTUBERCULOUS 


TUBERCULOUS 


(34) 55.7% | (38) 48.1% | (86) 66.1% | 58.5% 
(16) 26.2% | (18) 22.8% | (17) 13.1% | 18.2% 
ne, er (11) 18.1% | (19) 24.0% | (19) 14.6% | 18.9% 


* Including some infants. 
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Of this entire group of children 4.4 per cent were overweight, 58.5 per 
cent were of average weight, 18.2 per cent were 5 to 9 per cent under- 
weight, and 18.9 per cent were 10 per cent or more underweight (table 9). 

Of the tuberculous children 55.7 per cent were of average weight, 26.2 
per cent were moderately underweight, and 18.1 per cent were 10 per 
cent or more underweight. 

Of the 148 tuberculous children of school-age in this group, 25.7 per 
cent were 10 per cent or more underweight. 

It is interesting to compare the several figures above for definite 
(10 per cent) underweight, with those obtained in surveys of Canadian 
school children: for instance, 20.4 per cent in the Alberta school survey; 
16.1 per cent in the Saskatchewan school survey; and 18.0 per cent in 
the Ontario preschool and school survey. 

It is quite apparent that a child may be considerably underweight, 
may even be a tuberculosis contact, and yet may not have tuberculosis. 
It is worthy of note, in passing, that in this series some of the patients 
who were more markedly underweight were nontuberculous (6). 


Temperature: (Interpreted as elevated if over 99.2° before 12 noon 
and if over 99.4° after 12 noon). 


TUBERCULOUS SUSPECT NONTUBERCULOUS; TOTAL 


Elevated (18) 36.7% | (36) 52.2% | (29) 28.4% | 37.7% 
Normal (31) 63.3% | (33) 47.8% | (73) 71.6% | 62.3% 


That is, the temperature was elevated in 37.7 per cent of all cases. (The 
figure reported from a survey of 1392 average children was similar; viz., 
36.0 per cent). On the other hand, 78.3 per cent (65 out of 83) of those 
having elevated temperatures did not have demonstrable lesions. This 
confirms a well-recognized fact. 


Tuberculin: (Parke, Davis & Co., and Health of Animals Branch, 
Department of Agriculture). The Pirquet method has been used until 
recently, so that, for simplicity, the few intracutaneous reports (about 
15 per cent) were included under the same heading. Retests were fre- 
quently not possible and no contacts over 19 years were done. There 
were 194 tests performed, 111 (57.2 per cent) of which were positive, at an 
average age of 8.1 years. Although the numbers were small the incidence 
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agreed with that found in 42,000 children in Massachusetts (7). The in- 
cidence among 9,000 contacts examined in Toronto was 53 per cent (8). 

At six years of age, when most children start school, approximately 
60 per cent in this group reacted to tuberculin. For average school 
children in this same area the percentage at six years was only 44.4 per 
cent, and did not reach 60 per cent until age 14. Contact children thus 
appear infected at a much earlier age than average children. The in- 
cidence of positive reactions in age-groups was determined but, because 
each group is numerically small, especially in infancy and in late adoles- 
cence, the information lacks comparative value. 


Concurrent Conditions: In the group of tuberculous children, carious 
teeth was the condition most frequently noted, while in both suspect and 
nontuberculous groups nasal discharge and chronic tonsillar infection 
predominated. 

In the entire group of children only one nontraumatic corneal opacity 
was found, and one case of suppurating lymph nodes (inguinal), so that 
seeking for tuberculosis on such bases would be exceedingly fruitless. 

There were 13 cases of visibly enlarged cervical lymph nodes, six of 
which occurred in tuberculous children. None of these required thera- 
peutic consideration. 


Chest: Definite or suspicious physical findings were present in 35 out 
of 66 (53 per cent) of the tuberculous children. Demonstrable X-ray 
lesions were found in 61 out of 69 (88.4 per cent), the other eight being 
cases of nonpulmonary tuberculosis. Thirty (49.2 per cent) were clini- 
cally manifest X-ray lesions, and 31 (50.8 per cent) were latent (9). The 
incidence of 10.1 per cent (30 out of 296) of clinically manifest disease 
agrees closely with findings of the Henry Phipps Institute (10). The 
large proportion of latent cases effectively demonstrates the need for 
taking X-ray films in contact children. 


X-ray Lesions: The total areas in which lesions were found were as 
follows: “Apical” (above second rib anteriorly), 65; “central” (second 
rib to level of anterior end of fourth rib), 43; “basal’’ (remainder of lung 
field), 29 (table 10). Likewise, of the major lesions, both clinical and 
latent, more were apical than central and basal together. 
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TABLE 10 


0-1 vr. 1-4 


Clinical 


6 
1 
1 2 


Cavitation was present in three children under age 16, as follows: 
4 years, left central; 53 years, left central; 14 years, left apical and central. 


X-Ray Lesions According to Age-Groups: 


0-1 1-4 5-9 10-14 15-19 20-29 


(1) 25%] (4) 28.6%] (4) 28.6%|(4) 44.4%|(9) 90.0%|(7) 87.5% 
(3) 75%| (10) 71.4%|(10) 71.4%] (5) 55.6%|(1) 10.0%|(1) 12.5% 


It was unfortunate that the small number of cases available for this 
part of the study precluded any definite conclusion. However, latent 
tuberculosis was the predominating type of lesion up to age 14, when 
there was a sharp transition to clinical lesions. Clinical disease was 
noted more frequently on the left side, while latent disease appeared to 
be common on the right,—possibly a matter of coincidence. 


Primary Nodules: These occurred in 51 out of 296 cases (17.2 per cent). 
As many appeared on the right side as on the left. Thirteen were 
apical, 17 were central, 21 were basal, and practically all were determined 
as being in relation to the peripuery of a lobe. 


Tracheobronchial Lymph Nodes: (Mostly calcified.) These were noted 
in 87 patients. Seventy-eight instances of hilum lymph-node tubercu- 
losis were found, and 23 of mediastinal, while 59 were in the right hemi- 
thorax and 42 in the left. (No oblique or lateral films were taken.) 


CONSORTS: 102 
Five of the 51 (9.8 per cent) husbands, but 14 of the 51 (27.5 per cent) 
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wives were tuberculous. Caring for the sick husbands may account for 
this higher incidence in female consorts. Nineteen out of 102 (18.6 per 
cent) consorts had definite tuberculosis and, of these, 8 (7.8 per cent) had 
active disease. This is considerably higher than the incidence (about 2 
per cent) found in men called up under the Military Service Act of 1918, 
or the estimated incidence (about 0.5 per cent) of active disease in the 
general population of the province in 1929. 

The significance of using larger groups is shown by the fact that sana- 
torium examinations and films of 185 consorts in this province during 
1929 and 1930 revealed an incidence of only 10.8 per cent (20 cases). 
The disparity between this figure and the 18.6 per cent noted above may 
be accounted for in part by the fact that consorts in this study had 
been exposed to pulmonary tuberculosis only, while the others were 
exposed to all forms of tuberculosis. Arnould (quoted by Opie and 
McPhedran (11)) reports an incidence of 8.43 per cent in over 53,000 
consorts, so possibly the figure in this study is too high. 


DIAGNOSTIC AGENCIES 


Family physicians have diagnosed tuberculosis in 1 per cent of 1,304 
contacts examined in 1929 and 1930, but for every definite case found 
physicians directed attention to 20 suspects. The percentage of such 
contact suspects found to have tuberculosis is not available, but it should 
be as high as that obtaining in the sanatorium diagnostic service to which 
physicians refer their noncontact tuberculosis suspects and where in the 
past two years (3,000 examinations) the incidence of tuberculosis was 
20 per cent. The percentage of active cases in contacts examined by 
clinics was 7.4 per cent (24 out of 323), while in contacts examined by 
travelling consultants (without tuberculin or X-ray facilities) it was 
3.7 per cent (14 out of 380). 


SUMMARY 


This study, based on sanatorium examinations, deals with 413 con- 
tacts of pulmonary tuberculosis. All had stereoscopic radiographs and 
a large proportion of the examinations were done by the writer. The 
subject matter deals with an analysis of 100 families. 

Demonstrable tuberculosis was found in 21.8 per cent of all the con- 
tacts. The incidence of active tuberculosis was 17.2 per cent, 15.5 per 
cent having pulmonary lesions. 

It appears that the most fruitful field for intensive effort is among con- 
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tacts of bacillary tuberculosis and those relatives exposed to a recently 
fatal untreated case. 

There is more than seven times as much tuberculosis among “‘suscep- 
tible” families as in nonsusceptible families, indicating the need for 
special supervision and frequent examinations, including technically 
comparable X-ray films. 

Up to five years of age, and after 15 years, the incidence of tubercu- 
losis was higher than in the age-period 5 to 14 years. 

After exposure to expectoration for periods up to six months, 9.7 per 
cent and, after one year, 15.7 per cent of the entire group were found to 
have definite disease. 

Living conditions in the case of the tuberculous were only slightly 
worse than the average for the community at large. 

Poor health in the past (including frequent exanthemata), and lack 
of food in itself, appeared to be unimportant factors in the development 
of the disease. Those of high-strung or ambitious temperament did not 
seem to be more susceptible than the easy-going or lethargic. 

Definite underweight did not occur more frequently in those with 
evidence of tuberculosis than in the nontuberculous. 

Temperature elevation, observed in a child at a single examination, 
does not necessarily indicate tuberculosis. 

Intimacy within the home was of greater importance than lack of food 
or other conditions depending on economic factors. Among those liv- 
ing in the same house and using various articles in common, such as 
dishes, towels, etc., 23.3 per cent were tuberculous, while 23.5 per cent 
of those sleeping in the same room, and 26.9 per cent of those using the 
same bed as the primary were tuberculous. 

Ninety-two per cent of primary cases used no precautions before 
admission. 

In this series the fathers were more infectious than the mothers. 

Of the total tuberculin tests done, 57.2 per cent were positive; also, 
a much earlier tuberculization was noted among contacts than among 
average children. 

In evaluating the various methods of investigation it was found that 
51.1 per cent of the tuberculous contacts had definite or suggestive 
recent symptoms. About 40 per cent could have been diagnosed entirely 
on this basis, remembering the significance of a history of tuberculosis 
in the family. 

Definite or suspicious physical findings in the chest were present in 
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53 per cent of the tuberculous children contacts: 84 per cent gave a posi- 
tive tuberculin reaction, and 88.4 per cent had demonstrable X-ray 
lesions. All those whose chest films were negative were cases of non- 
pulmonary tuberculosis. 

The large proportion of latent cases indicates the difficult problem 
associated with the discovery of positive contacts in children. Although 
the public-health nurse, the general practitioner and the specially trained 
diagnostician have essential parts in a preventive campaign, none can 
effectively select this group. Figures are presented, indicating the de- 
sirability, in fact the necessity, of reliable X-ray investigation if latent 
cases of tuberculosis are to be found. 

It is evident from this study that education of the public in this region, 
regarding symptoms suspicious of tuberculosis and in the need of pre- 
cautions against spread of infection in the home, is still so inadequate as 
to have little preventive value. The necessity for increased effort in 
securing examination of all contacts is also apparent. Tuberculosis is 
as much an infectious disease as any of the acute exanthemata, but ul- 
timately it has a more vital effect on the health, finances and efficiency 
of the State at large. Like the exanthemata, degree of intimacy is a 
prominent factor in the transmission of the disease, and greater insistence 
should be placed upon the early segregation of open cases. 

In the past the endeavor has been to provide for complete examinations 
of suspects referred by physicians. Investigation of contacts reveals an 
equally fruitful field, and one which must soon become obligatory. To 
make adequate provision for this work becomes a new challenge to anti- 
tuberculosis organizations. 
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THE CHANGING STATUS OF THE SANATORIUM! 
JOHN ALEXANDER 


Those who are familiar with the extent to which surgery is now being 
used in modern clinics in the treatment of pulmonary tuberculosis, and 
with the results attained, can scarcely have failed to consider the present 
paucity of competent thoracic surgeons and the great distance separating 
them and many of the rural sanatoria. 

The rather sudden and unprepared-for development of this situation 
has resulted in much operating by physicians and surgeons who imper- 
fectly understand the indications and contraindications for the surgery 
of pulmonary tuberculosis and who lack sufficient experience in the special 
surgery of the chest. The frequent thoroughly bad results of surgery 
done in this way may discredit in many communities one of the most 
valuable of all present measures for treating pulmonary tuberculosis. 
The means of solving this problem are available but their attainment 
will require genuine effort and open, forward-looking minds. 

Thoracic surgery, as neurological surgery, is a highly complex specialty 
and adequate preparation for it demands a laborious and time-consuming 
apprenticeship. Thoracic surgery is no longer in the pioneering stage 
in which individual experience must be got by the trial-and-error method 
at terrible expense of human health and life. The able thoracic surgeon 
of the near future will, I believe, be both surgeon and internist, and he 
will, therefore, have a broad concept of the diagnostic and therapeutic 
problems of the thoracic diseases with which he deals. There is now, in 
this country and abroad, a considerable number of young men who al- 
ready have an adequate foundation in general surgical principles and 
who are devoting one, two or three years to postgraduate study in prep- 
aration for competent practice in the surgery of the chest. 

Whether general surgeon or internist, he who intends to specialize in 
this field should devote not less than one, and preferably two or three 
years, to active postgraduate work in thoracic surgery. In addition, a 
surgeon should spend several months’ apprenticeship as an internist at a 
sanatorium, and an internist who intends to practice thoracic surgery 


1 From the Department of Surgery, University of Michigan, Ann Arbor, Michigan. 
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must first spend from one to three years in intimate contact with the 
patients of the general surgical wards of a hospital in order to learn, 
until they become instinctive, the fundamental principles upon which all 
good surgery is based. These cannot be acquired in usable form from 
textbooks alone, nor can they be devised as occasion requires by one 
inexperienced in the principles of surgery. 

Too often the statement is made that the only instruction that an 
internist needs, in order to become a thoracic surgeon, is in the technique 
of evulsing the phrenic nerve and of resecting ribs, which instruction can, 
of course, be given in several weeks or, at most, a month or two. It is 
true that such a man can perform a phrenicectomy and a thoracoplasty 
after a fashion, but he may find himself in serious difficulty with his 
tenth or twentieth patient, who may present a surgical condition that is 
quite different from the ordinary; in whom, for example, the incision may 
have met an unusually large vessel whose control demands ripe surgical 
experience or in whom dozens of possible preoperative, operative or 
postoperative complications may arise. The number of fatal or serious 
complications that have arisen during the performance of phrenicectomy 
alone by incompletely trained operators is shocking. Occasionally this 
operation becomes one of great difficulty and danger and requires the 
utmost of a skilled surgeon. 

The chief fallacy of believing that facility in performing phrenicectomy 
and paravertebral thoracoplasty is the major part of thoracic surgery 
is the fact that there are twelve other operations that are in use in the 
treatment of pulmonary and pleural tuberculosis alone, and that the 
ability to select the proper operation, or combination and succession of 
operations for a given patient, is of far greater importance and requires 
very much more time to acquire than does acquisition of the ability 
merely to execute the operations. 

This second part of my article deals with a different but closely related 
subject. A surgeon has no objection to performing an operation on the 
phrenic nerve in a distant sanatorium without intending to return during 
the postoperative days. It is, however, the unanimous opinion, with 
one exception,? of some half-dozen thoracic surgeons, whose experience 
in the surgery of pulmonary tuberculosis is among the greatest in 
America and whom I have consulted on this subject, that it is unjustifi- 
able to perform a thoracoplasty in a sanatorium at such a distance from 


2 This surgeon has changed his opinion since this article was written and the opinion 
of the six surgeons is now unanimous. 
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the surgeon’s home that he cannot conveniently visit the patient during 
the important postoperative days. This statement would not be valid 
were there at the sanatorium a resident surgeon who had been suffi- 
ciently trained in thoracic surgery to conduct the postoperative care of 
the patients and competently to manage any postoperative complica- 
tion. Occasionally such a trained surgeon is temporarily resident at a 
sanatorium while he is undergoing treatment for his own tuberculosis. 
But it is unlikely that a healthy surgeon, who has devoted sufficient time 
to postgraduate work in thoracic surgery, can be maintained as a resident 
in any but the largest isolated rural sanatoria. 

A sanatorium, in order to be properly equipped for major thoracic 
surgery, needs to maintain, in addition to the operating surgeon, a com- 
petent surgical assistant, an anaesthetist, thoroughly trained operating 
room and surgical-duty nurses, an anaesthetic gas machine and a com- 
plete set of general and thoracic surgical instruments. There is a tend- 
ency for Boards of Trustees to include an operating room in their plans 
for new sanatoria because they become impressed with the need of sur- 
gery for their patients, but they have failed to realize that of infinitely 
greater importance is the availability of a competent thoracic surgeon. 
At present there are in this country relatively few adequately trained 
thoracic surgeons. Until the surgeon can be supplied, the operating 
room is of use only for phrenicectomies, artificial pneumothorax, and 
occasional emergency operations. 

The conclusion seems to me inevitable that rural sanatoria which 
cannot conveniently be visited, daily if necessary, by the operating sur- 
geon, must plan to send their thoracoplasty and other major surgical 
patients to the hospital of the thoracic surgeon, as neurosurgical patients 
must be sent to the hospital of the neurosurgeon. This has obvious 
disadvantages, but they are small when compared with the safety of the 
patient. 

I believe that every sanatorium that has no thoracic surgeon should 
appoint the nearest well-trained thoracic surgeon as a member of its 
consulting staff and that he should visit the sanatorium every week or 
every month, depending upon the need. At the time of these visits, 
patients who present possible surgical indications should be reviewed 
and discussed, and agreement reached between the sanatorium staff and 
the surgeon as to the best operation for each patient who presents an 
indication for surgery. The surgeon should perform the phrenic opera- 
tions at the sanatorium or local hospital, but patients for whom other 
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operations, requiring special preoperative preparation and postoperative 
care, have been decided upon, should be transferred to the hospital of 
the thoracic surgeon and, after surgical convalescence, be returned to the 
sanatorium. This scheme of consultation and treatment is now prac- 
tised successfully in various parts of the country. 

There is a group of sanatorium patients, other than that requiring 
thoracic surgical measures, that needs to be under the observation or 
treatment of specialists who are not readily available for consultation 
at many rural sanatoria. In every sanatorium there arises not infre- 
quently some disease or some complication of tuberculosis that for 
diagnosis or treatment requires special equipment or special knowledge 
that even the most able staff of specialists in pulmonary tuberculosis is 
unable to supply. It is no reflection on the staff of a sanatorium of the 
usual size that it does not include among its members physicians who are 
proficient, not only as expert phthisiotherapeutists, but as expert general 
medical consultants, general and thoracic surgeons, orthopaedists, 
otolaryngologists, ophthalmologists, gynaecologists, urologists, dentists 
and general radiologists. 

Those patients, who are residents of a sanatorium at a distance from a 
medical centre and who are in urgent need of a consultant, are either 
sent to him or he is brought to them. But it is impracticable, because 
too costly in time and money, to offer expert consultation to every bed- 
fast patient who needs it. The result is that there are to-day in many 
rural sanatoria too many patients with practically untreated tuberculosis 
of the spine, the pelvic organs, the kidney, and with foul teeth and other 
conditions upon the successful treatment of which their health or life 
not infrequently depends. Laryngeal tuberculosis presents an exception, 
in that it is well treated by tuberculosis specalists in many rural sanatoria. 

A patient who entrusts his health and life to the care of a modern 
sanatorium is entitled to expert consultation when it becomes advisable. 
Patients, until they have been found to have uncomplicated cases of 
pulmonary tuberculosis, are entitled to be considered as complex prob- 
lems in diagnosis and treatment, just as other complex major diseases 
are so considered. The tuberculosis patient who has complicated 
tuberculosis which cannot be adequately treated in all of its phases at a 
rural sanatorium should be a hospital patient in a special tuberculosis 
hospital, which incidentally seems to me a more descriptive and, for the 
patient, more attractive term than tuberculosis sanatorium. 

If it be accepted that certain types or phases of tuberculosis require 
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the services of readily available consultants, it follows that a group of 
rural sanatoria should have a codperative arrangement with some geo- 
graphically central tuberculosis hospital which is located either in a 
nonurban mountainous medical centre or in or near a city, provided of 
course, that this tuberculosis hospital can command the services of an 
adequately trained thoracic surgeon and of other specialists. Until 
more properly trained thoracic surgeons become available for service 
in the central hospitals these will necessarily be fewer and at greater 
distances from some of their affiliated rural sanatoria than is desirable. 
It is obviously to the advantage of tuberculosis patients that the central 
hospitals be located in climatically favorable places, but it is unlikely 
that more than a few mountainous tuberculosis resorts can at present 
supply the requisite variety of specialists. A tuberculosis hospital, lo- 
cated near or in a suitable part of a city, can well provide for the bed- 
patients that it would almost exclusively care for, the fundamentally 
valuable sanatorium regimen of good food, rest and free circulation of air. 

The central tuberculosis hospital should serve as a “‘clearing-house.”’ 
Patients with complicated tuberculosis, who are likely to require the 
services of consulting specialists and those for whom surgery is indicated, 
should be hospitalized at the central tuberculosis hospital. Patients 
not requiring such special treatment should be transferred to the rural 
sanatoria. These sanatoria would, therefore, care for those ambulant 
and bed-fast patients who have undergone a preliminary period of ob- 
servation or treatment in the central tuberculosis hospital and who have 
been passed as suitable for care in the rural sanatoria. These patients 
would include most pneumothorax patients and those who have been 
operated upon and who would probably make more rapid gains in a 
rural environment. If possible, it would be advantageous to arrange 
for a certain interchange of the members of the staffs between the central 
and the rural sanatoria, so that they might become intimately acquainted 
with the work of each. The staff of such allied tuberculosis hospitals 
and sanatoria would have unusually favorable opportunities to carry 
on original clinical investigations. 

An example of the recognition of the essential need for close codpera- 
tion between the phthisiotherapeutist, the thoracic surgeon, and various 
specialists in the modern treatment of tuberculosis is seen in the recently 
completed 100-bed, two-story tuberculosis hospital, which has been 
built on top of the University of Michigan Hospital, and which there- 
fore enjoys the complete facilities of that general hospital and, most 
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important, is able to command the consulting service of any member of 
the staff, whose total expenditure in time in reaching the patient is made 
in an elevator. I believe that the building of the tuberculosis clearing- 
house hospitals of the future on top of general hospitals contains ele- 
ments of great merit to recommend it. 


SUMMARY 


1. Use of surgery in the treatment of pulmonary tuberculosis has 
increased more rapidly than the supply of properly trained thoracic 
surgeons. 

2. Consequently there is a tendency for some of this surgery to be 
done by general surgeons, or even by internists, whose special training 
in the proper choice of patients and in the technique of operations 
may be inadequate. 

3. The criteria for an adequate training in thoracic surgery are 
considered. 

4. Rural sanatoria, with rare exceptions, cannot secure or maintain 
on their resident staffs trained thoracic surgeons, nor the other specialists 
whose consulting services the patients often need and not infrequently 
fail to obtain because of the considerable cost of bringing the consultant 
to the sanatorium or of sending the patient to him. 

5. Every group of rural sanatoria should have affiliated with them a 
geographically central tuberculosis hospital, located either in a nonurban 
medical centre or in or close to a city, which should serve as a clearing- 
house for them and which should have upon its visiting staff an ade- 
quately trained thoracic surgeon and other specialists. 

6. This central hospital would retain for treatment those patients re- 
quiring the services of its specialists and would transfer to its affiliated 
rural sanatoria all other patients, including most artificial-pneumothorax 
cases and those who had received surgical treatment. 

7. The thoracic surgeon of the affiliated group of sanatoria should visit 
the rural sanatoria at regular intervals, consulting with the sanatorium 
staffs about their patients and the best operation for each one in whom 
surgery is indicated. The surgeon should perform the phrenic opera- 
tions at the sanatoria or local hospitals, but patients for whom other 
operations, requiring special preoperative preparation and postoperative 
care, have been decided upon should be transferred to the central tuber- 
culosis hospital, where they may be seen daily by the operating surgeon 
and, after surgical convalescence, be returned to their sanatoria. 


CAVITATION IN PULMONARY TUBERCULOSIS 
F. M. POTTENGER 


The Nature and Frequency of Cavities: The formation of cavities in 
the course of tuberculosis is intimately associated with the particular 
degree of specific cellular reactivity which is present at the time. While 
both the primary lung nodule and the corresponding peribronchial and 
peritracheal lymph nodes of the primary complex caseate regularly, 
cavity-formation is not a prominent part of first infection. Neither is 
cavity-formation a factor of consequence in the early stage of prepon- 
derantly proliferative lesions, but it occurs commonly in the early stage of 
exudative lesions and regularly during the late course of both exudative 
and proliferative tuberculosis. It is associated with severe allergic 
reactions, which are apt to be much more severe in the early stages of 
specific defense than later. 

Cavities must be recognized as undesirable complications of tuber- 
culosis. They must also be looked upon, if not designedly, yet actually, 
as being at times conservative, the same as the spontaneous or surgical 
emptying of an abscess caused by pus-forming bacteria is conservative. 
As the tuberculous focus ruptures in forming a cavity it rids the lung 
of large numbers of tubercle bacilli and large quantities of tuberculo- 
protein. If the bacilli should remain in the tissues undestroyed, they 
might subject the patient to overwhelming metastatic infections; and, 
if destroyed, to dangerous allergic reactions from bacillary substances 
set free during their destruction. 


Cavity and the Primary Complex: The primary nodule in the lung is 
caused by comparatively few bacilli settling in nonimmune tissues. While 
caseation takes place, the lesion usually remains a closed one, and open 
cavity rarely forms. The tissue cells have not yet been specifically 
trained to defend the host; so they have not been rendered hypersensi- 
tive to bacilli and bacillary protein, nor have they the property of reacting 
allergically. The bacilli of first infection call out only such cellular 
reaction as would be required to meet any minute foreign body. The 
inflammatory reaction which results is more or less temporary in char- 
acter and of mild degree. 

215 


q 


216 F. M. POTTENGER 


Many of the bacilli of first infection are engulfed by leucocytes and 
immediately carried to adjacent lymph nodes; others are destroyed, and 
still others remain in the tissues where they lodge. The bacilli, wherever 
they happen to be implanted, are imprisoned and walled in by epithe- 
lioid cells before the inflammatory phenomena which are so intimately 
connected with specific defense have made their appearance. While 
both the primary focus and the regional lymph node or nodes caseate 
they develop inflammatory characteristics slowly; and because of the 
absence of acute reaction do not readily form cavity. The caseous 
lymph nodes are also protected from the ready formation of cavity by 
their location and by their enveloping capsule. | 


Cavity and Proliferative Tuberculosis: It was stated above that cavity 
is an unimportant part of proliferative tuberculosis in its early stages, 
but that it may appear later in its course. An inquiry as to why it is 
absent early and why it appears later in the course of the disease might 
throw some light upon its cause. 

Preponderantly proliferative tuberculosis seems to be free from acute 
and violent reaction during its early progress, the very time when the 
preponderantly exudative lesions are showing their most inflammatory 
reactions. The lesion which stimulates fibrosis most is the one accom- 
panied by only mild irritation. It is accompanied by a minimum of 
exudation, and is not destructive in its action. The process, though 
mild in nature, is characterized by the same tendency to form metastases 
that is manifested by the preponderantly exudative type. The tissues 
are more thickly studded with infection than is the case with the pre- 
ponderantly exudative lesions, in which the foci may be fewer but, as a 
rule, are larger and more inflammatory in nature; and where so much of 
the pathological process is due to the allergic reaction caused by the 
diffusion of toxins through the tissues (the collateral inflammation of 
Tendeloo) rather than to the actual foci themselves. 

When proliferation predominates the infecting bacilli are few and of 
relatively low virulence, and the cells are not highly sensitized; there- 
fore, the allergic phenomena are mild. One may speculate as to how 
much the tendency of mild proliferative lesions to spread may be due to 
the lack of inflammatory reaction because of the weakness of the allergic 
response. There is ample evidence that the allergic reaction, or any 
inflammation for that matter, has the property of being able to hold 
bacilli im situ, and prevent their ready dissemination. 
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Sooner or later, however, increased exudation with its more active 
inflammation may appear throughout the proliferative areas. While the 
course of the infection up to this time may have been afebrile and un- 
attended by sputum, or accompanied by small amounts only, the pa- 
tient may develop an elevation of temperature, accompanied by other 
symptoms of a toxic nature, and for the first time have a productive 
cough with sputum containing bacilli; or have an increase in cough and 
sputum if they have been previously present. The loss of tissue may 
be insignificant or it may reach the proportions of a clinically recogniza- 
ble cavity; and the preponderantly proliferative lesion may now take on 
characteristics of a more acute exudative process. 

The conclusion seems warranted that the failure of cavity to form 
early, in proliferative lesions, is partly accounted for by the fact that the 
process is only mildly inflammatory, and further because the numbers of 
bacilli causing the infection are relatively small. The bacilli neither 
multiply rapidly nor do they produce large quantities of tuberculopro- 
tein, yet the lesion progresses, involving more and more lung tissue as 
time goes on. 

Whether the lack of allergy is due to the fact that the lesion is caused 
by relatively few and relatively avirulent bacilli which fail to produce 
sensitivity, or whether it is due to a state of desensitization which repre- 
sents a high degree of immunity, is not clear. In this connection we 
must bear in mind the experiments of Swift on rabbits, in which he 
reports the production of immunity to streptococci without allergy by 
the intravenous injection of microédrganisms. We must also bear in 
mind that desensitization takes place in clinicat tuberculosis as the 
disease advances. We know that tuberculosis may be attended by a 
bacillaemia any time after first infection has taken place. 

It may be that the lack of inflammatory response is sufficient to 
allow the mild infection to go on spreading and producing metastases 
regardless of their low numbers and low virulence. Before the pre- 
ponderantly proliferative processes form cavities of any considerable 
size, the cells may become more highly sensitized, for the exudative 
phenomena of allergy appear in the areas which later cavitate. 

One may speculate as to why this occurs. Is it due to the accident 
of infection by which in the natural course of the disease a larger number 
of bacilli suddenly become responsible for a focus, and so set free larger 
quantities of reaction-producing substances? Can it be that the nor- 
mally low sensitization of cells in the proliferative lesion is actually one 
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of a lessened specific defense, and that it is suddenly opposed by an 
excessive reinoculation which results in destruction? Can it be due to 
a sudden loss of immunity with its relative desensitization to bacilli 
and bacillary protein, and a restoration of the cells to a state of previous 
hypersensitivity in which they take on the inflammatory, exudative 
reaction which belongs to a more marked allergic state? Can it be due 
to certain changes in the physicochemical properties of the tissues which 
permit a mildly nonvirulent bacillus suddenly to take on properties of 
greater virulence and to multiply more rapidly than previously, such as 
might follow the transmutation of the rough bacilli, as: described by 
Petroff, into the smooth form; or, without transmutation of types, is 
it possible that the smooth forms of the bacillus might suddenly domi- 
nate the process which has formerly been dominated by the nonvirulent 
rough form? We have long noted that when the phenomena which 
accompany acute exacerbations appear there is a relative increase in 
the numbers of short bacilli as compared with the longer forms found 
in the sputum the same as we note in the predominantly exudative 
lesions. We have made hundreds of observations in our laboratory to 
confirm this point. 


Cavity and Exudative Tuberculosis: Preponderantly exudative tuber- 
culosis is tuberculosis which shows marked inflammatory phenomena. 
It is generally accepted that inoculations in this form of the disease are 
caused by many or by relatively virulent bacilli, or by large doses of 
bacillary protein, and that this effect takes place in tissues which are 
markedly sensitized and highly endowed with the property of allergic 
reaction. Whether the large numbers of bacilli and large quantities of 
bacillary substances are primarily due to peculiarities of the tissues of 
these particular individuals, which cause them to furnish a suitable soil 
for the rapid development and ready dissemination of bacilli and bacil- 
lary protein, is a question for the future to decide; but the indications 
point strongly that way. 

No matter whether the cause exists on the part of the patient or on 
the part of the bacilli, when such reactions occur dissemination of bacilli 
takes place readily. The metastases in exudative tuberculosis take 
place largely by contiguity or by bronchogenic infection; so offer the 
greatest opportunity for large reinoculations. Early in the course of 
exudative disease, before the tissues have fully developed the property 
of opposing the multiplication and spread of bacilli, as they do later, the 
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bacilli multiply rapidly, spread, and produce large quantities of tuber- 
culoprotein which diffuses readily through the tissues, producing exuda- 
tive phenomena which are often accompanied by destructive effects. 
In case reinoculations do not take place too rapidly, the tissues of the 
host develop an increased resistance toward bacilli and an increased 
tolerance toward bacillary protein. As a result the danger of new 
infections taking place is rendered smaller, and at the same time the 
inflammatory response on the part of the tissues is lessened, and the 
tendency to cavity-formation is accordingly reduced. 

A reinoculation of a large quantity of bacilli during this early stage 
of high sensitization of the cells is commonly met by a vigorous allergic 
response, which quickly leads to caseation and cavity. Tendeloo 
teaches that the location of the inoculation is a factor of no mean degree 
in determining its outcome. He states that cavity is prone to occur in 
those portions of the lung where the tissue juices move slowest. No 
doubt this same slowness of movement holds the toxins in prolonged 
contact with the tissues and is responsible for maintaining an exudative 
reaction when once established. 

A study of the clinical phenomena and the X-ray films of early exuda- 
tive tuberculosis seems to warrant the conclusion that large reinocula- 
tions with rapid multiplication of bacilli are constant causes of acute 
cavity-formation. 

Further observation seems to warrant the conclusion that there is a 
marked reinforcement of the patient’s immunity following these early 
severe allergic reactions. This seems to be followed by such a desensi- 
tization of the cells to bacillary substances that another similar acute 
inflammatory reaction rarely recurs immediately. Further metastases 
are not likely to occur until some time has elapsed. Severe exudative 
processes may remain in the tissues for a long time without other cavities 
forming. Now and then, however, multiple cavitation will take place, 
either early or late, even though immunity seems to be raised to a high 
plane. This type of pathological process, however, is, as a rule, found 
late in the course of the disease, when it may be interpreted as meaning 
that immunity is broken down and the patient’s defense is waning. A 
rational interpretation of our observations seems to justify the belief 
that large numbers of bacilli implanted at any one place at any one time, 
or extraordinary amounts of concentrated tuberculoprotein brought into 
intimate contact with the tissues, may cause necrosis and cavity-for- 
mation. 
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Not infrequently we see cavity form in the midst of an area of acute 
or chronic exudative inflammation. We assume that the cause, com- 
monly, is the detention and imprisonment of focal contents within a 
bronchus which causes a violent response on the part of the tissues with a 
resultant cavity. 


Acute Cavity Favorable for Healing: The conception which one holds 
of the cause and nature of cavity-formation and the conditions necessary 
for its healing will determine what method of treatment he will institute. 

That their formation is favored by excessive allergic response seems 
well established. Further it seems most reasonable to assume that those 
of considerable dimensions are usually caused by bronchogenic dissemi- 
nation. Most of the acute cavities which are formed early in the course 
of the disease are not completely excavated at first. The focal contents 
have caseated, but they have been only partially expelled. The walls 
are not clean-cut as they would be were the contents fully emptied. 
There are masses of caseous material, which may be absorbed, and others 
which may be readily replaced by fibrous tissue if only conditions favor- 
able to such a process are at once established. 

Aside from the favorable conditions in the acute cavity itself, there are 
other important factors which operate to aid healing, such as the follow- 
ing: (1) The patient’s powers of reaction have not been broken down 
and worn out by long illness, consequently his physiological mechanism 
is in a condition for responding; (2) as a result of the large reinoculation 
which was responsible for the cavity, the patient’s specific resistance is 
temporarily raised; (3) the cavity as a rule takes place in tissues which 
prior to the time of the infection under consideration had not departed 
far from the normal; (4) the lung having the normal elasticity of its 
tissues and, as a rule, not being bound by pleural adhesions, compensates 
readily and closes the cavity by fibrosis aided by emphysema; and (5) 
there is no fibrous wall holding the cavity open. 


Chronic Cavity Heals with Difficulty: The case of late or chronic cavity 
is different. It offers a different prognosis and requires different thera- 
peutic measures. Late cavity forms as a response to an unusually large 
dose of bacilli or bacillary protein after the patient has been injured by 
the stresses of his disease; or results from an early-formed cavity which 
has failed to heal. In chronic cavity, as compared with acute cavity, 
the mechanical factors within the thorax are less favorable to healing. 
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The pleura is usually adherent at the apex, very often at the base, and not 
infrequently over other portions of the lung as well. Inflammation in 
the mesial tissues often has fixed the mediastinum. Multiple infiltra- 
tions as well as cavities may be found in both lungs and cause marked 
pathological changes which interfere with the compensation which is 
necessary for healing. This is more serious; but often one lung will heal 
first, and then the other may be dealt with satisfactorily. 

If cavitation occurs following metastatic spread during the regular 
course of the disease, it may be found either in the midst of an extensive 
exudative or proliferative lesion, or standing out by itself in some distant 
portion of the lung. Under these circumstances the patient’s resistance 
may be ample, and other conditions may be sufficiently favorable to 
produce healing, particularly before dense fibrous tissue surrounds it. 
After dense fibrous tissue has once formed, however, the prognosis is 
different and a different therapeutic attack is required. The cavities 
which form as terminal phenomena when specific resistance is low or in 
abeyance offer little hope for any therapeutic procedure. 

The healing of early cavities, particularly those of the first and second 
degree, as described by Jaquerod, is primarily a question of the patient’s 
ability to marshal an adequate defense, both specific and nonspecific, 
and secondarily a question of mechanics; the healing of late cavity, on 
the other hand, is probably primarily a mechanical problem. The very 
fact that the disease has become chronic shows that marked resistance 
must have been present; and the fact of the failure to heal must lie at 
least partly in other causes, of which mechanical factors are most evident. 

Mechanics enters into the problem of healing more and more as scar- 
tissue becomes extensive and as the pulmonary surfaces become fixed to 
the thoracic walls and the mediastinum becomes immobile. The thor- 
acic tissues are put on tension and the whole intrathoracic compensatory 
mechanism is disturbed. These facts indicate that our opinion of the 
ability of cavities to heal must vary with the condition met when each 
cavity presents. 


Treatment of Acute Cavity: Patients who excavate an area of pulmo- 
nary tissue as one of the very early manifestations of active disease, as 
evidenced by the fact that they are experiencing at the time or have just 
passed through an acute immunity response consisting of a tempera- 
ture reaction usually of several days’ duration, with tiredness, loss of 
strength, diminished appetite and loss of weight, possibly night-sweats, 
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and a cough, usually accompanied by free expectoration,—the so called 
“cold;” and who show evidence of a freshly formed cavity on physical 
examination or on an X-ray film, according to my experience, can usually 
be treated successfully without compression measures. 

Such patients should be put to bed at once and be given the benefit of 
the modern hygienic, dietetic regimen. A five-pound shotbag should be 
placed over that portion of the lung which contains the loss of tissue, so 
as to limit the motion. Bathroom privileges alone should be permitted. 

Inasmuch as it is especially desirable to raise such a patient’s tolerance 
to bacilli and bacillary protein as rapidly as possible, I always administer 
tuberculin in ascending doses to the point of focal response. The focal 
stimulation is desirable because of its action in promoting fibrosis in the 
periphery of the excavating mass. 

In completely formed cavities the newly proliferating fibrils will pene- 
trate the caseous tissue before it has been expelled and favor its trans- 
formation into scar. 

Theoretically, the larger the doses of tuberculin which the patient can 
be given without marked focal reaction the more favorable it should be, 
because it means a greater desensitization and consequently a less tend- 
ency for the repetition of cavitation should further reinoculations of 
large quantities of bacilli or bacillary protein take place. Fortunately, 
the reaction responsible for early cavitation raises the patient’s resist- 
ance to further bacillary onslaughts, and desensitizes him to further 
quantities of tuberculoprotein so that tuberculin may be given without 
the danger of reactions that might be expected. 

Fortunately, again, the patient’s physical condition at this time is 
usually the most favorable that it will ever be for opposing infection. 
While he may be in a temporarily lowered state of resistance because of 
such stresses as those due to previous illness, overwork, or methods of 
living, yet a rapid recuperation can usually be attained if the proper 
regimen is instituted. The most important time to treat cavity is 

before it has completely excavated, or, if not detected then, as soon as 
it is detected; at least, before it develops thick fibrous walls and a pro- 
fusely secreting lining membrane, and while intrathoracic compensatory 
changes are easily made. 


Conditions Which Militate against the Healing of Acute Cavity: There 
are certain conditions under which acute cavities may not heal or may 
heal with difficulty, even though they are detected when freshly formed, 


P 
i 
q 


CAVITATION 223 


or before their contents are completely emptied, and even though the 
patient’s resistance seems favorable. Such conditions surround cavities 
located near the apex when it is covered with a pleural cap; and particu- 
larly if at the same time the apex in the contralateral lung is also infil- 
trated. If, however, the lesion in the contralateral lung is slight and 
the upper mediastinum is free, the situation still may be favorable; for 
the mediastinum may move toward the more severely affected side, 
and sufficient compensatory emphysema may take place to relieve the 
tension on the contracting tissues. When, on the other hand, the 
apices and upper mediastinum are adherent, compensatory changes are 
obliged to come from below and to be made by the diseased lung; and 
this adjustment may be difficult to make. 

The ability of a cavity to heal is further modified by its nearness to the 
diaphragm or the hilum. Cavities in these locations do not yield so 
readily as those in the upper third of the lung partly because of the 
greater motion of the lung near the diaphragm which keeps up a repeated, 
maximum stretching of the cavities, and partly because of the lessened 
elasticity of the tissues about the hilum. However, it is common ex- 
perience to see cavities in these areas heal without mechanical com- 
pression of any sort. 

Given an incompletely formed cavity or one which has just expelled 
its contents, in a patient whose lungs have not been previously seriously 
injured, healing should be expected to take place naturally, with only a 
little greater difficulty than the healing of an infiltration. But should 
acute cavities fail to heal by the measures of noninterference, they may 
be treated successfully by one or another of the measures of compression. 
Nearly all of them may be successfully treated by some combination of 
the methods at one’s disposal. 

Failure in the healing of acute cavity will usually be due to one or more 
of four causes: (1) an inability to raise the patient’s resistance suffi- 
ciently to check the spread of the disease and desensitize him to the 
toxins of the disease; (2) the cavity is located in such a position or in 
such tissues that healing is prevented; (3) the cavity is too large to heal 
by the compensation that the tissues are able to make; and (4) the cavity 
is prevented from healing because of adhesions of the pleura, mediasti- 
num or diaphragm, which increase the tension over the tissues of the 
lung and prevent the compensatory effects of emphysema from allowing 
the cavity walls to approximate, and at the same time cause a drag on 
the cavity walls during each inspiratory effort. 


{ 


224 F. M. POTTENGER 


Conditions Which Militate against the Healing of Chronic Cavities: 
Chronic cavities with dense fibrous walls or walls lined with a secreting 
membrane, particularly if surrounded by extensive infiltrated tissues or 
scar, are not so apt to heal without some mechanical assistance. These 
cavities, too, are prevented from healing by many mechanical factors. 
Pleural adhesions, fixed mediastinum and diaphragm and rigid thorax, 
one or all may be present to interfere with nature’s attempt at compen- 
sation. These conditions place difficulties in the way of healing which 
can only be removed by measures which help the lung to decrease the 
total intrathoracic space which it must occupy either temporarily or 
permanently, as the case may be. Some of these difficulties are met in 
many, in fact most chronic cavities. While chronic cavities, too, may 
heal, they will not heal so readily as the acute ones. 

Clinicians with extensive experience have occasionally seen the healing 
of large cavities with dense fibrous walls. This has been particularly 
true of cavities situated in an upper lobe, particularly the left upper lobe. 
Such a result is aided by the presence of a free mediastinum and a large 
pericardium which permit the maximum of compensatory assistance 
from the contralateral lung, and the lower lobe of the affected side. They 
must also have observed the healing of large cavities follows the filling of 
the pleura with exudate which organized and compressed the cavity, 
furnishing a permanent splinting of the excavated portion of the lung. 

One also frequently sees the disappearance of one or more cavities 
situated in the midst of extensive pulmonary infiltration which involve 
one or both lungs, provided the patient’s resistance is kept on a high 
plane. 

Patients with chronic cavity should be treated with the same hygienic 
regimen and the same amount of rest as was suggested for those suffering 
from acute cavity. They should likewise have the benefit of tuberculin 
therapeutically, and have the motion of the chest over the cavity re- 
stricted by shot-bags, or other methods of local compression. 

Chronic cavities, however, offer problems that do not exist in connec- 
tion with the acute ones; but problems which are not always insur- 
mountable. With our present-day methods of treatment many chronic 
cavities can be successfully handled, provided we can raise the patient’s 
immunity sufficiently high, and maintain it for a sufficiently long period 
of time; and provided, further, that we are able to overcome the me- 
chanical conditions which interfere with healing. 
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Special Measures for Aiding the Healing of Chronic Cavities: When a 
cavity fails to respond to the simpler measures after a reasonable time, 
or, in case it appears from conditions present that spontaneous healing 
is improbable, then one has at his command four helpful measures: 
artificial pneumothorax, with or without intrapleural pneumolysis, 
phrenic interruption, apicolysis and thoracoplasty. These measures 
possess different degrees of desirability and are applicable to different 
conditions. 

1: Artificial pneumothorax may be employed in either acutely active or 
quiescent lesions. It takes off the tension from the tissues by filling 
part of the intrathoracic space with air. It may be made to actively 
compress the pulmonary tissues and cause the walls of cavities to be 
pushed together if such force is necessary. On account of the fact that 
the degree of pressure decreases as the air becomes absorbed, the tissues 
are alternately compressed and expanded. This permits drainage of 
cavities to take place instead of permanently blocking the reservoirs of 
secretions, as may follow thoracoplasty. For this reason pneumothorax, 
if cautiously instituted, can be used successfully in the treatment of 
cavities when the lesion is acute and when areas of caseation are present, 
conditions which are not well suited to thoracoplasty. The treatment of 
choice in single or multiple acute cavities which fail to yield to ordinary 
therapeutic measures in patients with an extending disease, particularly 
when a competent immunity has not yet been established, is pneumo- 
thorax. With air in the pleural space the lung may be kept at rest, 
tension may be removed from the tissues and healing may keep pace 
with the patient’s increase in strength and specific resistance. 

When adhesions are present so as to interfere with full compression, 
sometimes they may be successfully divided by intrapleural pneumol- 
ysis. If they are too dense to be cut, or if there is danger of wounding 
the lung in cutting them, one must not forget that a cushion of air 
which occupies any great portion of the intrathoracic space may be made 
to remove tension and aid healing to a certain degree, even though com- 
plete compression is not attained. One must be sure that the com- 
pression does not exert traction instead of a compressing effect on the 
cavity. This actually may happen when the cavity is near the apex and 
adhesions are present both over the apex coming well down over the 
cavity and at the base. As air is put in, the line between the second rib 
above, for example, and the eighth to tenth below, is forced to bend 
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inward and cause traction on the points of attachment. Under these 
conditions greater good may be done at times by the use of small than 
by large amounts of air. One sometimes forgets this in the great desire 
to see the cavity fully compressed, or because of the fear that other 
adhesions will form and the pneumothorax be lost. 

Adhesions furnish the greatest obstacle to successful compression. A 
certain proportion of these may be severed by intrapleural pneumolysis. 
When this is impossible an extrapleural operation may prove successful. 

2: Phrenic interruption may reduce the amount of intrathoracic space 
in the hemithorax by about 25 per cent, but fails to exert a positive force 
on the pathological tissues, such as may be accomplished by pneumo- 
thorax. The good that comes from it is exerted by the removal of ten- 
sion from the tissues and the reduction of motion in the diseased parts. 
It must be understood, however, that a patient in whom the phrenic 
has been interrupted may be subjected to paradoxical breathing, and, 
instead of the diaphragm descending on inspiration, it may ascend and 
still keep up movement. This is evident from the fact that the motion 
of the lower portion of the chest on the side of a phrenic operation 
may be as great as that on the other side. 

Operations on the phrenic nerve, like pneumothorax, may be used 
in the treatment of cases of quiescent cavity or where cavity is a part 
of an actively extending disease. It may be of value no matter in what 
part of the lung the cavity is situated. It is not a desirable procedure, 
however, unless the contralateral lung is in fairly good condition. In all 
instances in which immunity is not well established the danger of the 
disease spreading is always imminent, and any operation which per- 
manently throws an increased amount of work on the contralateral 
lung, unless it be free from active infection, may defeat the purpose for 
which it was instituted. 

3: A picolysis, if it could be performed successfully, would be the ideal 
method of treating cavities in the apices which fail to heal after the usual 
regimen has been followed, although the patient is otherwise in good 
physical condition. The permanent success of the operation will be the 
greater the more thoroughly the patient’s immunity is established. This 
is evident for two reasons: (1) the more immune the patient, the less 
the danger of the disease becoming active again, and (2) the more im- 
mune the patient the more completely may we expect the cavity and the 
diseased area about it to heal. 
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Apicolysis has to recommend it the one important fact that it destroys 
a minimum of lung tissue in order to accomplish the result, but it offers 
difficulties of accomplishment which, as yet, interfere with its wide use. 

4: Thoracoplasty, as a means of treating patients with unhealed cavities, 
is particularly adapted to those cases of chronic unilateral tuberculosis 
in which no spreading of the disease is taking place at the time, and in 
which proliferation of tissue predominates. The patient should have an 
immunity sufficiently efficient to make recurrence of the disease im- 
probable, for after the operation he will still have virulent bacilli em- 
bedded in his tissues which may cause future exacerbations; and he may 
also be reinfected from without. He is going to be required, perma- 
nently, to depend upon one lung, and this he can do only if it remains 
free from activity. 

In this connection we talk of the contralateral lung being free from 
disease. It is rare to find a chronic tuberculosis which has gone so far 
that thoracoplasty is required for its treatment in which the contralateral 
lung has not been the seat of some infiltration. Therefore, it is risky to 
operate until immunity is well established. The contralateral lung from 
the time of the operation is required to take on all of the extra movement 
required for carrying on respiration and the oxygenation of the blood 
during the life of the patient. 

Failure to appreciate the importance of attaining a highly immune 
state prior to operation has been responsible for much failure in the past. 
Patients may go on to a satisfactory state of immunization after opera- 
tion, but it is safer to have it well established beforehand. 

Large cavities with excessive, purulent secretion do not offer chances 
for best results. There is too much danger of the retention of secretion 
before the walls can collapse and check its formation. Such a condition 
can only increase suppuration unless the bronchus happens to be so 
situated as to furnish adequate drainage for the cavity. 

On the other hand, chronic cavities with moderate quantities of secre- 
tion rarely give trouble. As the lung collapses the cavity becomes com- 
pressed with it, and healing is facilitated. 

No matter what method is used in the treatment of cavities, there is 
one cardinal fact which must be borne in mind, namely, that it takes a 
long time to bring about a permanent healing. Those cavities which 
are subjected to surgical collapse still must heal like other tissues which 
are infected. They probably heal no more quickly than those which 
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heal spontaneously, as a result of the patient’s own compensatory lung 
changes. The only difference is that one is held collapsed until it is 
healed. 

A pessimism prevails regarding the healing of cavities which, according 
to my experience, is not warranted. Cavities are more serious than sim- 
ple infiltrations, but they will often heal spontaneously, while the ordi- 
nary dietetic-hygienic regimen is being carried out, and many of those 
that do not heal may be treated successfully by mechanical aid. 
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INTERFERING MECHANICAL FACTORS IN THE HEALING 
OF PULMONARY TUBERCULOSIS 


F. M. POTTENGER 
HEALING AFFECTED BY RESISTANCE AND MECHANICAL FACTORS 


It is recognized that there is a great difference between early and late 
tuberculosis, both as to the probability of its healing, and as to the 
manner in which healing is brought about. 

Granting that the patient is put under the proper conditions for heal- 
ing to take place, in early tuberculosis the largest factor in bringing 
about the result is the patient’s resistance, natural and specific; me- 
chanical factors are of little moment. In late tuberculosis, on the other 
hand, natural resistance may be efficient or not, but specific resistance 
has usually been raised to a high plane, and been instrumental in making 
the disease chronic. This is evident, even though later it should vanish 
and the patient should die of his disease. In chronic tuberculosis, 
although specific resistance may be raised sufficiently to bring about 
healing had conditions been favorable, yet such a favorable result may 
be thwarted because of certain mechanical factors which enter into the 
situation, interfering with and often preventing healing from taking 
place. These become factors of great importance in most cases of chronic 
tuberculosis. 

The mechanical factors which are met in late tuberculosis provide 
compelling arguments for the early treatment of tuberculosis. 


TUBERCULOSIS RESULTS IN LOSS OF LUNG TISSUE 


Whenever an infection takes place in the lung it not only injures but 
destroys a certain amount of pulmonary tissue. The amount varies 
with the character and extent of the infection. If the lesion is small, the 
destruction may be inconsequential; but, if extensive, the loss may be 
serious. 

If the lesion is predominantly proliferative from the beginning, new 
cells form and replace the normal ones by fibrous tissue as widespread as 


the lesion itself. 
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If the lesion is preponderantly exudative, foci of infection may be 
formed only here and there; but, on account of the ready diffusion of 
toxins through the tissues and air-spaces, these may be filled for some 
distance from the foci with exudate consisting of serum, cells and fibrin. 
Where the reaction is most severe, even destruction of tissue may take 
place. 

The exudate may clear away by resolution but, if the tuberculous 
foci and the destroyed tissues heal, they heal by proliferation and are 
followed by contraction. 

Tuberculous infection, then, no matter how limited, heals with the 
displacement of normal lung tissue by scarring and is followed by con- 
traction. 

When the lesion is extensive, the loss may be great and the contraction 
correspondingly marked. An entire lobe may be contracted to a very 
small portion of its original size; and not uncommonly we see a lung 
reduced one-third or more in size. 

The effect of contraction is to lessen the size of that portion of the lung 
which was previously involved in the disease. 

Since, under normal conditions the amount of lung tissue is just 
sufficient to fill the thoracic cage, a loss requires compensation; for the 
thoracic cage must be filled. The greater the loss and contraction the 
greater the compensation to be made. Nor must one forget that each 
inspiratory effort, by enlarging the intrathoracic space, exaggerates the 
lack of equality between the contracting lungs and the intrathoracic 
area. 


HOW DOES NATURE COMPENSATE THE LOST LUNG TISSUE? 


Compensation may take place (1) by enlargement of the lesser in- 
fected or the uninfected portions of lung tissue, (2) through the con- 
traction of the bony thorax and (3) through the elevation of the dia- 
phragm, with accompanying changes in the abdominal contents. 

(1) The normal, or the lesser involved, lung tissue, following destruc- 
tion and contraction caused by a tuberculous process, takes upon itself 
compensatory enlargement or emphysema to keep the intrathoracic 
space filled; and for limited losses of tissue such compensation may be 
wholly adequate, particularly when the lesion is unilateral and the 
mediastinum is free. 

Sometimes an extraordinary amount of emphysema develops in order 
to compensate for the tissue loss. Not infrequently the median border 
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of the contralateral lung will be found beyond the median line. I had 
one patient in whom the left lung was found postmortem to have pushed 
through the upper mediastinum so that nearly all of the tissue which 
presented in contact with the right anterior chest-wall belonged to the 
left lung. The heart, too, was wholly to the right of the median line. 
However, we more frequently see such marked compensation on the 
part of the right lung, the left lung being contracted and the heart lying 
to the left of the sternum. 

The size and condition of the pericardium has much to do with these 
wide shifts of the heart. Adherent pericardia and small pericardia inter- 
fere with shifting of the heart, while large and free pericardia favor it. 

Not only does the contralateral lung enlarge to keep the intrathoracic 
space filled, following destruction and contraction of lung tissue, but it, 
as well as the uninjured portion of the diseased lung, enlarges as a result 
of excessive coughing. As a combined result of these two factors em- 
physema may become extreme and patients may become severely dysp- 
noeic. In the emphysema which results from coughing, the diaphragm 
is apt to be flattened out and forced downward, thus causing the extreme 
of lung enlargement, while that which is compensatory in character is not 
able to force outward any of the structures which confine the lung. 

(2) Often the bony thorax lessens in size over the lesion and sometimes 
more generally; the intercostal spaces become narrower; and the ribs 
take a more diagonal direction. 

(3) The diaphragm may take a higher position than normal, in which 
case we probably must assume that the abdominal contents are active 
factors in the compensation; for, while the diaphragm ascends because 
of the contraction of lung tissue and the lessening of the intrathoracic 
space, in order that it may be able to hold its position there must be 
changes within the abdomen to maintain the pressure equilibrium be- 
tween the two cavities. 


FACTORS WHICH INTERFERE WITH COMPENSATION 


Anything that interferes with compensation taking place interferes 
with healing. Factors which interfere most are pleural adhesions, fixa- 
tion of the diaphragm, fixation of the mediastinum, dense fibrous tissue, 
small pericardium, and rigidity of the chest-wall. 

The entire thoracic space must be considered as a unit in considering 
compensatory changes unless it be divided by a fixed mediastinum. So 
long as the mediastinum is free, compensation between the two lungs 
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may readily take place. The efficiency of the compensation, however, 
may be seriously handicapped by adhesions between the visceral and 
parietal pleurae in any portion of the thorax. 

Not infrequently double apical tuberculosis is prevented from healing 
by the fact of apical pleural adhesions. When healing gets under way the 
contracting tissues make traction against the adherent pleura, the pull 
being from one parietal pleura to another. On the other hand, if one 
apex only is involved and the mediastinum is free, the traction will be in 
only one direction and the mediastinum will shift and compensation will 
be made with comparative ease. 

Now and then, however, an apical lesion may be unilateral and a 
pleural cap may so thoroughly cover the apex and extend so far down as 
to fix the circumference of the lung at all points and thus prevent the 
tissues from relaxing. In this way apical cavities are often prevented 
from healing. 

Adhesions at the base, with fixing of the diaphragm, also may exert a 
serious influence on healing, particularly if the mediastinum is fixed; 
otherwise, the contralateral lung may enlarge and the mediastinum shift 
sufficiently to compensate an extensive loss of tissue. Bilateral lesions, 
with bilateral adhesive pleuritis, especially if extensive, furnish difficult 
conditions for healing, particularly if the mediastinal structures are 
fixed and the thorax is rigid. 

A rigid unyielding thorax, such as is normal for older people, and such 
as may now and then be found under extraordinary conditions in middle 
life, interferes very much with the compensatory changes which are 
necessary for the healing of extensive tuberculous lesions. 

With our thoughts upon the disease and the resistance of the patient, 
we have been inclined to give too little heed to the mechanics of healing 
and have too little considered the things which interfere with the me- 
chanical conditions necessary for overcoming the infection. 


HOW OVERCOME THE MECHANICAL FACTORS WHICH INTERFERE WITH 
HEALING 


In discussing this subject I shall leave out of account the dangers of 
further metastases taking place, and the danger of increased damage to 
the lung tissue which one always attempts to avoid, and confine my 
attention entirely to the mechanical problems which favor healing on the 
one hand and interfere with or prevent it on the other. Granting that the 
immunobiological conditions are right for healing, why does healing not 
regularly take place? 
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Since the time when Dettweiler’s influence began to be felt in the treat- 
ment of tuberculosis an increasing amount of attention has been centered, 
though without an adequate realization, on one phase of these mechanical 
problems,—that of minimizing their harmful influences by preventing 
exaggerated and unnecessary respiratory movement. While this par- 
ticular effect in itself has not been specifically emphasized, yet it has been 
brought about through the institution of rest, and the harm which might 
increase unfavorable mechanical effects by respiratory movement has 
been very much minimized. 

The same rest that puts the lung in a condition favorable for decreasing 
metastases and shielding the patient from excessive toxaemia, and the 
same rest that reduces the physical demands which are made upon the 
individual to a minimum, thereby allowing the patient to build up 
strength for defense, permits the lung to function with a minimum of 
tension, and a minimum of dragging on any pathological tissues that may 
be present. Every descent of the diaphragm and every enlargement of 
the thoracic cage put a corresponding drag upon the infiltrated areas and 
cavity-walls, no matter where they are situated. The amount of the 
drag and the effect of it vary greatly according to the nature of the 
infection, its location, whether much or little tissue has been destroyed, 
and according to the amount of interference which is present to thwart 
the necessary compensatory adjustment, as previously described. 

The usual regimen, of which rest is an important factor, which es- 
tablishes a state of high physiological balance and maintains it for a 
sufficient time, reinforced by weights on the chest, with or without 
tuberculin, may prove successful in dealing with nearly all cases which 
compensate readily and many which compensate with difficulty. 

Cases which are not able to compensate alone, however, because of 
one or more of the factors herein mentioned, may now be treated suc- 
cessfully by other measures at our disposal. When dealing with the 
therapy of tuberculosis one must never lose sight of the fact that the 
disease shows a remarkable tendency to heal. 

Acuteness of the lesion with ready formation of metastases may be only 
temporary and may result in raising specific resistance to such a point 
that healing proceeds with great rapidity afterward; and even extensive 
lesions which require much mechanical compensation may now and then 
proceed to a successful ending after resistance has been raised to a high 
point. 

One of the important questions which must be decided for each tuber- 
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culous patient who presents for treatment is: What will give the patient 
the best chances to be restored to a useful life? The answer must take 
into consideration, among other conditions, the following major factors: 
(1) First and foremost, the patient’s resistance, both natural and specific, 
which cannot be measured by any simple theorem but must be deter- 
mined after a period of observation; (2) any conditions present which 
may mechanically prevent healing regardless of the fact that the patient’s 
resistance is sufficient to overcome the lesion; (3) whether the patient 
is able to take advantage of the measures which are necessary to bring 
about cure; (4) whether the patient desires to get well sufficiently to 
make the necessary sacrifices to bring it about. é 

With these factors in mind one may determine to employ one method 
of treatment in one case and another in another, even though the infec- 
tions seem to be similar; and be right in each instance. 

With good judgment one may suit the usual regimen of rest and 
hygienic living alone; or the usual regimen aided by pneumothorax, 
phrenicectomy, thoracoplasty or pneumolysis to nearly all tuberculous 
patients whose lesions have not brought them to the point of extensive 
cavitation, persistent toxaemia, and a break in their specific immunity. 
All cannot be cured, but nearly all can be helped, and a large number can 
be restored to usefulness. 
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THE TREATMENT OF POLLENOSIS IN TUBERCULOSIS 
PATIENTS: ? 


M. R. LICHTENSTEIN 


The occurrence of hay-fever in tuberculosis patients and its manage- 
ment are hardly mentioned in the literature on either allergy or tuber- 
culosis. ‘The general consensus of opinion against the injection of protein 
solutions in patients with active tuberculosis has deprived these patients 
of a valuable treatment for the amelioration of distressing symptoms 
which tend in themselves to injure their tuberculosis. I will try to demon- 
strate (1) that there is no theoretical contraindication against treatment 
and (2) that treatment of the hay-fever indirectly helps rather than hin- 
ders recovery from the tuberculous process. 

Incidence: No figures are available as to the number of cases of tuber- 
culosis having coincidental pollenosis. At the Chicago Municipal Tuber- 
culosis Sanitarium there have been about 10 cases per year of moderate 
or severe pollenosis out of about 1,000 tuberculosis patients in residence. 
I refer here to autumn pollenosis which is caused by ragweeds in this 
region. I do not include spring hay-fever and the mild fall cases which 
require no treatment. 

Is pollenosis detrimental to the patients’ tuberculosis? Pollen asthma, 
which occurs in about one-third of the patients with fall hay-fever at 
some time during the season, renders the patient extremely uncomfort- 
able, with labored respiration and cough, and frequently confines an 
otherwise ambulant patient to bed. Hay-fever, with itching and redness 
of the eyes, watery discharge from the nose and severe spasms of sneezing 
which make the chest sore, disturbs the meals and sleep of the patient 
to a considerable degree. The effect on the patient is reflected in a 
loss of weight, but not a rise in temperature. Going into the histories of 
the patients treated here, I find that a loss of weight up to 15 pounds was 
usual during the pollen season in previous years when they were untreated. 


1From the Chicago Municipal Tuberculosis Sanitarium and Rush Medical College, 
Chicago, Illinois. 
2 Presented at a meeting of the Chicago Tuberculosis Society, December 10, 1931. 
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A loss of 40 pounds, in a case of pollen status asthmaticus noted here, is 
rare. 

In addition to the direct effects noted above it is probable that there 
is a predisposition to haemorrhage from severe coughing and sneezing. 
Sinus infections sometimes follow the blockage of the air-passages 
due to hay-fever and introduce another detrimental element. 

From the above it is evident that there is good reason to treat the pol- 
lenosis, provided the treatment will not injure the patients’ tuberculosis. 

Theoretical objections to the injection of foreign protein: Tuberculo- 
protein injected in sufficient quantity into a tuberculous subject causes 
fever and perifocal inflammation, often followed by dissemination of 
tubercle bacilli. The same effect can be produced by any nonspecific 
foreign protein to some extent if the dose is large enough to cause fever. 
In other words, the ill effect of foreign-protein injection on tuberculosis 
is apparently always associated with a rise in temperature. Doses which 
are too small to cause a rise in temperature seem to cause no definite harm 
to the tuberculous process. Weneed to understand definitely, then, under 
what circumstances the injection of a protein will or will not cause fever. 

Protein injection in normal persons causes chills and fever, as seen in 
nonspecific protein therapy; that is, injection of a protein to which the 
patient is not sensitive causes fever. 

On the other hand, injection of a protein to which the patient is natu- 
rally sensitive (as in asthma, hay-fever, or other atopic conditions) does 
not cause fever, but causes an attack of asthma, hay-fever or urticaria, 
if given in sufficient dosage, or injected intravenously by accident. This 
effect is seen in the usual treatment of patients for hay-fever and in the 
so called “desensitization” toward other proteins. This rule does not 
apply to tuberculoprotein sensitivity, which falls in a different group, 
according to the classification of Coca (1). As may be seen below 
(table 1) these types of hypersensitivity differ radically. 

Why is fever absent on injecting the specific protein in the atopic patient? 
This phenomenon has been little noticed, and I have not seen any attempt 
at explanation in the literature. I assume that the fixation of the specific 
protein in the shock tissues prevents the breaking down which occurs to 
nonspecific foreign protein circulating in the blood-stream. The atopic 
protein is fixed and excreted as such in the urine during an asthmatic 
attack (Oriel and Barber (2)), and probably in the sputum likewise 
(Harkavy (3)). It is a peculiar fact that an intercurrent high fever 

usually is followed by a variably prolonged absence of atopic symptoms. 
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From the above considerations we arrive at the deduction that in- 
jection of pollen extracts in the hay-fever patient, with or without co- 
incidental tuberculosis, should not cause fever and therefore not be 
injurious to the tuberculous process. 

The results of treatment reported here bear out this conclusion. 

Method of treatment: Treatment was started about the middle of June, 
and two injections per week in ascending dosage given until the height 
of the season was past (about September 20). Table 2 shows the number 
of injections, size of highest dose and other data. 

The pollen extract of combined ragweeds, the interval, and dosage were 
the same as used in nontuberculous pollenosis cases being treated at the 
Allergy Clinic of Rush Medical College. 


TABLE 1 


ATOPY TUBERCULOPROTEIN HYPERSENSITIVITY OF INFECTION 


. Sensitizing antibody (reagin) in blood- | 1. No antibodies in blood-serum 
serum 

. Local passive transfer possible 2. No passive transfer demonstrated 

. Shock tissues (skin; respiratory and gastro- | 3. All tissues in the body are sensitive 
intestinal epithelium) are sensitive 

. Skin test gives an immediate reaction (15 | 4. Delayed reaction (24-72 hours) 
minutes) 

. Reaction is urticarial . Reaction is inflammatory or necrotic 

. Constitutional effect of overdose is atopic | 6. Constitutional effect of overdose is peri- 
symptoms but no fever focal inflammation and fever 


Results: The effect on hay-fever parallels closely the results obtained 
on our nontuberculous patients (about 50 cases in 1931). The treatment 
seldom gives complete relief. However, the absence or relief of asthma, 
the milder symptoms or diminution in the total number of days of severe 
symptoms usually renders the patient comfortable. The table shows a 
conservative estimate of the percentage of relief obtained. 

The failure recorded is one of the extremely intractable cases of status 
asthmaticus (similar to those described by Kahn (4)) sensitive to pollens 
and various other atopens. Kahn advises against injection treatment of 
such cases. However, the patient lost 40 lbs. without treatment the 
previous year, and only 15 Ibs. in 1931, although the asthma was contin- 
uous both seasons. 

One patient developed hay-fever for the first time and received a short 
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course of co-seasonal injections. We have no criterion for judging the 
result. 

Effect on tuberculosis: As stated, in no case was there noted any rise 
above the usual temperature the patient was running, although the dose 
was pushed to a high level in most cases. 

All patients with negative sputa remained so during and after treat- 
ment. 

Only two patients lost weight, the others gaining or remaining station- 
ary, in contradistinction to their usual loss of weight during the pollen 
season. 

In no instance was any exacerbation of pulmonary symptoms or find- 
ings noted which could be attributed to the injection. 


COMMENT 


It appears that treatment of pollenosis in tuberculosis patients is safe; 
that is, it carries no extra dangers besides those present in the treatment 
of nontuberculous patients. Inasmuch as it is evident that moderate 
or severe pollenosis is not only a considerable nuisance to the patient in 
itself, but also injures his tuberculosis to some extent, it appears worth 
while to treat the condition. 


CONCLUSIONS 


1. Moderate or severe pollenosis is detrimental to the patient with 
coincidental tuberculosis. 

2. Treatment with pollen extracts is helpful in relieving the symptoms 
and in neutralizing the injurious effect of the pollenosis. 

3. It is suggested that the injection of protein is injurious to the tuber- 
culous process only when it is associated with a rise in temperature. 

4, An explanation is suggested to account for the fact that injection 
of specific protein in the atopic patient does not cause fever. 
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OXYGEN THERAPY IN PULMONARY TUBERCULOSIS? 


ALVAN L. BARACH anp DICKINSON W. RICHARDS, Jr. 


The effects of the inhalation of 50 per cent oxygen in an oxygen cham- 
ber for periods of one to four months have been studied in five patients 
with severe, exudative, pulmonary tuberculosis. 

The study was undertaken to determine whether the inhalation of 
atmospheres rich in oxygen had any specific effect upon the extension of 
tuberculosis through the lungs, and also to what extent the inhalation 
of oxygen in patients who have a severe impairment of pulmonary func- 
tion was capable of prolonging life. 


HISTORICAL 


Although there are no records of the inhalation of high concentrations 
of oxygen in normal human beings over long periods of time, the effect 
of the inhalation of oxygen-enriched atmospheres on animals has been 
noted by numerous investigators. Lavoisier (1), soon after the dis- 
covery of oxygen in the atmosphere, demonstrated that pure oxygen 
produced congestion and inflammatory reactions in the lungs. Lor- 
rain-Smith (2) pointed out for the first time in rabbits that the inhalation 
of air-mixtures containing 80 per cent of oxygen for from two to four days 
resulted in fatal pneumonia. Karsner (3) demonstrated that the critical 
point at which irritating effects began to be produced was between 70 
and 80 per cent concentration of oxygen in air. Barach (4) confirmed 
these results, and showed that normal rabbits could live in 60 per cent 
oxygen for as long as four months without alteration in their general 
appearance, activity or weight, or upon their gross and microscopic 
anatomy. ‘The only discernible result of long-continued exposure to 60 
per cent oxygen was a decline in haemoglobin and red blood count of 
from 15 to 20 per cent. Attempts made to acclimatize these animals to 


1 From the College of Physicians and Surgeons, Columbia University, and the Department 
of Medicine, Presbyterian Hospital, New York City. 

2 This study was undertaken in collaboration with Dr. James Alexander Miller and his 
staff at Bellevue Hospital. Their codperation and assistance during the course of the work 
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higher concentrations of oxygen by gradually increasing the oxygen 
tension in the atmosphere were unsuccessful. The inhalation of 80 
per cent oxygen or higher concentrations was invariably attended by 
the production of pulmonary oedema. However, as far as animal ex- 
periments were concerned, no harm was observed from residence in an 
oxygen chamber with an oxygen concentration of 60 per cent for as long 
as four months. Campbell (5) found that exposure to a high oxygen 
tension in rabbits for periods of six weeks resulted in an increase of both 
tissue-oxygen and carbon-dioxide tensions, together with a lowering of 
the red blood count and haemoglobin. In patients with congestive heart 
failure and secondary changes in the lungs, the authors (6) have recently 
reported that a marked elevation in the carbon-dioxide content of the 
arterial blood as well as a rise in arterial oxygen saturation followed 
treatment with rich oxygen mixtures, accompanied by a relief of dysp- 
noea and a decrease in pulmonary ventilation. 

In 1911 Moore and Williams (7) reported that the tubercle bacillus 
failed to grow in culture media when the concentration of oxygen ex- 
ceeded 80 per cent, and that after an exposure of one month they were no 
longer viable. In 1912 Adams (8) confirmed the lack of growth of tu- 
bercle bacilli in high oxygen concentrations, but found that they grew 
again when exposed to air of normal oxygen concentration; Adams also 
noted no effect on tuberculous lesions zm vivo when animals lived in high 
oxygen atmospheres. In 1915 Todd (9) reported favorable results in 
guinea-pig tuberculosis from the use of ozone and oxygen. On the 
other hand, David (10) observed unfavorable effects from the use of 40 
to 50 per cent and 80 to 90 per cent oxygen in pulmonary tuberculosis 
in guinea pigs and dogs, and beneficial effects from reduced oxygen ten- 
sions, such as 10 to 12 percent. In 1925 Novy and Soule (11) reported 
that the tubercle bacillus would grow in concentrations of oxygen as 
high as 100 per cent. The optimal concentration they found to be 40 
to 50 per cent oxygen. Above that limit growth was less abundant. 

Numerous clinical reports have appeared on the beneficial action of 
oxygen when introduced into local tuberculous lesions. Ross (12) de- 
scribed improvement in tuberculous peritonitis, tuberculous joints and 
psoas abscess as the result of the injection of oxygen. Similar results 
were obtained by Stein (13), Bainbridge (14), Smith (15), and others. 
Campbell and Poulton (16), in studying dyspnoea due to various ab- 
normal conditions in the lung, found that the pulmonary ventilation was 
usually markedly lowered by the inhalation of oxygen-rich mixtures. 
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In one patient with extensive phthisis dyspnoea was relieved by breathing 
40 per cent oxygen. 

In 1926 Barach (17) produced a fatal form of chronic pulmonary 
tuberculosis in rabbits by the injection of human and bovine tubercle 
bacilli, and studied the effect of the inhalation of 60 per cent oxygen 
over periods as long as seven and one-half months. The duration of life 
in the majority of the oxygen-treated animals was from two to three 
months longer than in the control series. The tuberculous process, 
however, showed a progressive extension, irrespective of oxygen treat- 
ment. The increased duration of life of the oxygen-treated animals was 
explained mainly by the prevention of death from anoxaemia and, to a 
less determinable extent, through the restful effect of a diminished 
pulmonary ventilation. Since the bovine tubercle bacillus is invariably 
fatal in the rabbit, these experiments did not appear to rule out the pos- 
sible beneficial effects of the inhalation of high concentrations of oxygen 
in patients with pulmonary tuberculosis due to the human tubercle 
bacillus. 


METHODS 


The oxygen chamber (18), as described in a previous article, was 


employed. The oxygen concentration was maintained generally at 50 
per cent, with a variation of plus or minus 2 per cent. The temperature 
was 62°F., plus or minus 2°, with a relative humidity of 40 to 45 per 
cent. For the oxygen and carbon-dioxide determinations, arterial blood 
was drawn under oil in a test-tube containing dried neutral potassium 
oxalate and sodium fluoride. The blood-gas determinations were done 
by the method of Van Slyke and Neill (19). 


Results 


The individual case histories follow: 


1: A. S., 254,860, male, aged 23. Six months before admission to Bellevue 
Hospital patient began to have feeling of malaise and dull pain in left chest, 
followed by productive cough, loss of strength, fever and night-sweats. The 
first haemoptysis of cupful of blood was 3 weeks before admission. Frequent 
haemoptyses followed, with one-half cupful two days before admission. 
Symptoms increased after each haemoptysis. Past and family history es- 
sentially irrelevant. Physical Examination: Young, pale, Spanish boy, 
appearing chronically ill and with obvious recent loss in weight. Lungs: 
Dulness from apex to 4th left rib, anteriorly and through back. Increased 
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whispered voice- and breath-sounds and numerous fine and medium rales 
heard throughout left chest. Right chest essentially negative. Diagnosis: 
Chronic pulmonary tuberculosis, advanced. Sputum: Many tubercle bacilli. 

Patient ran intermittent fever, rising in afternoon to 100°. After one week 
at Bellevue Hospital, transferred to Presbyterian Hospital and placed in 
oxygen room for one week, at normal atmospheric oxygen. At that time no 
dyspnoea and no cyanosis. Hgb. 117 per cent, R. B. C. 5,850,000 and W. B. C. 
11,850; vital capacity 2,180. Arterial blood 95 per cent saturated with 
oxygen, and contained 45.8 volumes per cent of CO.. Stereo X-ray of chest 
showed diffuse mottled tuberculous infiltration, radiating outward from hilum 
and spreading profusely throughout entire left lung. On right side a few 
shadows radiated outward, chiefly throughout midlung, with a few as far as 
apex. Oxygen concentration was raised to 50 per cent, and during second 
week pulse decreased from upper level of 110 to upper level of 100. Tempera- 
ture ranged between 97.8° and 101° the first week, and in second week between 
99° and 100°. During fourth week in chamber patient developed numerous 
crepitant and subcrepitant rales throughout both lungs. Temperature rose 
to 103° and 104° daily, and patient developed weakness of right arm, slight 
weakness of right side of face, and ptosis of left eye. In spite of increasing 
extent of pulmonary process, patient at first had comparatively little dyspnoea 
and no cyanosis. Eleven days after oxygen treatment was begun, a rounded 
area of diminished density at level of third left rib appeared, suggestive of 
cavity. One week later, there was considerable increase in mottling on right 
side. On left side there was evidence of increased infiltration, suggestive of 
bronchopneumonia. Patient became weaker and stuporous, and continued 
to run a fever between 101° and 102°. Transferred to Bellevue Hospital after 
having been in a concentration of 50 per cent oxygen for one month, and died 
two days later. Diagnosis at Autopsy: Advanced pulmonary tuberculosis; 
tuberculous bronchopneumonia. 


2: J. P., 257,879, male, age 20. Patient considered himself perfectly well until 
one month before admission to Bellevue Hospital when he began to have un- 
productive cough, slight anorexia and night-sweats, and lost 3 pounds. 
Physical Examination: Fairly well-developed and well-nourished. Lungs: 
Left clear; right, dulness to first interspace anteriorly and second vertebral 
spine posteriorly. Breathing rough and with moderate number of crackling 
rales. Diagnosis: Chronic pulmonary tuberculosis; infiltrating lesion upper 
part of right upper iobe. X-ray showed exudative lesion of right upper. 
Temperature between 98 and 100, pulse between 80 and 120, respirations 20 
to 24. After 3 weeks at Bellevue, transferred to Presbyterian Hospital. 
Upon admission, Hgb. was 90 per cent, R. B. C. 5,080,000 and W. B. C. 9,280; 
vital capacity 2100 cc. Patient placed in oxygen room, oxygen concentration 
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50 per cent, for 5 weeks, during which gained from 136 to 1413 pounds. Hgb. 
at end of this period 92 per cent, R. B. C. 5,010,000 and W. B. C. 14,200; 
vital capacity 2200 cc. Sedimentation time on admission was 48 mm. at 1 
hour and on discharge 61 mm. at 1 hour. X-ray picture at end of 5 weeks 
showed slight increase in infiltrative process in region of right upper lung field. 
Course uneventful. RAles disappeared at end of first 10 days. Cough very 
rare and unproductive. As oxygen concentration was lowered, occasional 
fine rales were audible in upper part of right upper. Sputum: Negative for 
tubercle bacilli at Bellevue. One month later at Bellevue rales over right 
upper had increased. Radiograph showed increased infiltration over right 


upper. 


3: I. S., 254,859, male, age 29. Complained of persistent cough for two 
years, with three pulmonary haemorrhages during preceding year. Nine 
months before admission dyspnoea on exertion had set in, with loss of weight 
and more sputum. Went to Bellevue Hospital January 1, 1930, where under 
treatment for 5 months. Found to have advanced tuberculosis, with a large 
cavity on right. Artificial pneumothorax by successive air injections during 
next two months, but this discontinued following renewed haemoptysis. On 
March 11, right phrenicectomy performed; two weeks later cavity, by X-ray, 
had diminished one-half, and general condition slightly improved. Trans- 
ferred to Presbyterian Hospital for treatment in oxygen room, May 1, 1930. 
Physical Examination: Chronically ill young man, poorly nourished, cyanotic, 
dyspnoeic and orthopnoeic, and suffering from violent spasms of slightly 
productive cough. Moderate cyanosis of lips and mucous membranes. On 
left, harsh breath-sounds over midlung, with many moist rales; on right, 
flatness at base (relaxed diaphragm), scattered moist rales with dulness over 
upper lobe, and area of amphoric breathing anteriorly. Heart not enlarged; 
sounds rapid and loud. Weight 100 pounds. R. B. C. 6,340,000, Hgb. 121 
per cent (Sahli). Blood urea 0.21 gm./i. Urine negative. On May 2, 
arterial whole blood CO: was 54.9 volumes per cent, and arterial oxygen satu- 
ration 88 per cent. Sputum: Positive for tubercle bacilli on several occasions. 
X-Ray: Dense infiltration over right upper, with cavity at apex; fresh infiltra- 
tion on left. Diagnosis: Chronic pulmonary tuberculosis, far advanced; 
excavation of right upper; phrenicectomy, right. 

Patient in oxygen room throughout stay of 11 weeks in hospital. During 
first week oxygen kept at 21 per cent. Patient greatly exhausted by racking 
cough. Appetite poor and he vomited frequently. Oxygen then raised to 
50 per cent and maintained at that level. Cyanosis cleared almost completely 
and did not recur. During the succeeding weeks, there seemed clinically to 
be slow but fairly definite improvement. Cough less, dyspnoea less, and 
patient not orthopnoeic. Gained 4 pounds. Blood-count dropped from 
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6,340,000 to 5,400,000, and haemoglobin from 121 to 95 per cent. Vital 
capacity decreased from 1,500 to 1,000 cc. On June 25, arterial blood was 93 
per cent saturated with oxygen, and contained 73.5 volume per cent COs. 
Fewer rales in lungs. No marked change in the lung shadows by X-ray. 
During week, May 26 to June 1, several small haemoptyses. ‘Temperature re- 
mained between 99° and 100° throughout hospital course. During the last 5 
days (July 10 to 14) oxygen gradually reduced in chamber to atmospheric level, 
and the temperature raised: no untoward symptoms, and on July 15 trans- 
ferred back to Bellevue Hospital. Course showed little change subsequently. 
One year later patient in tuberculosis sanatorium in fairly good condition, 
slightly improved over condition when he left oxygen room. 


4: P. F., 289,373, male, age 23. One brother died of tuberculosis at age 18, 
while another brother has had tuberculosis for six years. Born in Porto Rico; 
had lived in United States 6 years. Present illness began 3 months before ad- 
mission, with chills and fever, usually in afternoon, dry cough which soon 
became productive with yellow mucus, and drenching sweats at night. Best 
weight 160 pounds six years before; average weight 150 and present weight 
141 pounds. At Bellevue Hospital for 11 days and then transferred to Pres- 
byterian Hospital for treatment in oxygen room. 

Physical Examination: Well-developed young man; fairly well nourished. 
Temperature 103.6°, pulse 106, respiration 26. Throat reddened; tonsils much 
enlarged, reddened and with many crypts. Lungs: Dulness, bronchovesicular 
breath-sounds and crepitant rales over entire left chest anteriorly, in axilla 
and posteriorly to spine of scapula. Beneath left clavicle area of tympany 
and amphoric breathing. At left posterior base, flatness and diminished 
breath-sounds; over right anterior chest, dulness, bronchovesicular breath- 
sounds and crepitant rales. Scattered crepitant rales in right posterior chest. 
Abdomen distended and gave sense of resistance. Voice hoarse. W. B. C. 
11,500, polynuclears 73 per cent; Hgb. 95 per cent (Sahli); R. B. C. 4,310,000. 
Blood Wassermann: Alcoholic antigen, negative; cholesterin antigen, 2 plus. 
On February 27, during first week in high oxygen, arterial blood 97 per cent 
saturated with oxygen, and contained 49.0 volumes per cent COQ. Stereo- 
roentgenogram of chest showed very extensive heavy pulmonary infiltration 
invading practically entire upper two-thirds of left lung, with numerous small- 
sized areas of rarefaction. On right side infiltration more discrete in outline, 
spreading outward and invading entire parenchyma except in region of base. 
Sputum: Loaded with tubercle bacilli. 

On admission patient put into oxygen chamber, with concentration of 50 
per cent oxygen. During first week temperature range changed from 100°F. 
to 103° to 102°, and with irregular intervals persisted in that range for the 
following two months. On March 6, arterial blood was 95 per cent saturated 
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with oxygen and contained 51.0 volumes per cent CO.. Two weeks after 
admission developed acute inflammation of left tonsil and larynx. Abdominal 
distention became more marked. Clinical appearance that of tuberculosis of 
larynx, left tonsil and peritoneum. Acute inflammation in left tonsil subsided, 
but hoarseness persisted. Roentgenographic examination showed definite 
spread of infiltration in both left and right chests. Patient transferred to 
Bellevue after two months’ treatment with oxygen. There was no striking 
change in clinical condition except persistent hoarseness and signs of more 
extensive pulmonary lesions. 

Comment: In this patient there were present signs of extensive bilateral 
pulmonary tuberculosis, without obvious disturbance in pulmonary function, 
and evidence of tuberculosis of the larynx, left tonsil and peritoneum. Resi- 
dence in a 50 per cent oxygen atmosphere did not check a progressive extension 


of the process. 


5: T. W., 279,869, male, age 25. Admitted December 12, 1930. About two 
years before, while doing missionary work in Turkey, patient had had prolonged 
bronchitis and “rales” had been heard in his chest. Recovered, and then well 
until a week before admission, when developed pain in back, feverishness and 
cough, which persisted up to time of entrance into hospital. Examination: 
Well-nourished and well-developed young man, flushed and perspiring. Tem- 
perature 103.2°, pulse 90, respiration 22. Lungs: Slight dulness and increase 


of breath-sounds over right upper lobe, with many fine moist rales after 
coughing. Spleen palpable. Sputum: Many tubercle bacilli. X-ray of 
Lungs: Triangular shadow of tuberculous pneumonia in right upper lobe, with 
cavity in its centre. 

General course that of spreading tuberculous pneumonia. During first two 
weeks, temperature remained at about 104°, while pulse gradually rose from 
75-90 up to 120. Process in lungs spread throughout right upper and most of 
right lower lobe. Partial right pneumothorax obtained after several insuffla- 
tions of air, but lung could not be more than about one-third collapsed. Condi- 
tion became progressively worse, with pulse of 120 to 140 and development of 
cyanosis, dyspnoea and severe cough. On December 28, transferred to oxygen 
room at an oxygen concentration of 50 per cent. Remained there until Jan- 
uary 20. During first ten days, gradual but definite improvement, cyanosis 
diminished and cough less troublesome. Appetite improved, and patient 
appeared stronger and more cheerful. Temperature remained at 102° to 104° 
and pulse 110 to 120. As shown by X-ray, process in right lung became more 
dense, and there appeared a considerable area of infiltration in left central 
lung field. Pneumothorax maintained by successive injections of air, but 
lung could not be further collapsed. 

From January 20 to February 19 patient was on ward. Temperature 
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increasingly septic in character, with rapid swings between 100° and 104°. 
Pulse became progressively weaker, and varied in rate from 100 to 140. 
Cough and chest pain severe. Cyanosis and dyspnoea increased, but relieved 
considerably by oxygen administered by nasal catheter. X-ray during this 
time revealed no evidence of increase in infiltration of lungs, there being still 
same massive consolidation in whole right lung, with large area also in left 
lung. 

From February 19 until death on April 13, patient was in oxygen room con- 
tinuously, at oxygen concentration of about 50 per cent. During first two 
weeks he seemed much more comfortable than he had been, respiration was 
easier, and appetite much improved. Thereafter, progressive asthenia and 
emaciation. Temperature somewhat lower, 100° to 102°, but pulse remained 
high. X-ray on April 8 showed marked increase in process in left lung field, 
with right lung field completely obscured by dense shadow, and heart dis- 
placed to left. Thoracentesis in several places yielded only 1 or 2 cc. of thick 
caseous pus. Patient became rapidly worse on April 12, with subnormal tem- 
perature, and died on April 13. 

Autopsy: Showed extreme extension of tuberculous disease through lungs. 
Right lung practically solid, with caseous and gelatinous pneumonia, except 
in posterior part of upper lobe, where three cavities, the largest 3 cm. in diam- 
eter, were surrounded by areas of tuberculous bronchopneumonia. Section of 
left lung revealed both lobes studded with discrete and massed tubercles. It 
was estimated that not more than one-quarter of total lung tissue remained 
air-containing. 

There were also 900 cc. of turbid fluid in right pleural cavity, extensive 
tuberculosis of the bronchial lymph nodes, and tubercles in spleen, liver, kid- 
ney, adrenals, mediastinum, pericardium, peritoneum, ileum, thoracic duct, 
pharynx and larynx. 

Comment: Neither in clinical course nor in autopsy findings is there evi- 
dence of arrest of tuberculous process. The extreme degree of pulmonary 
involvement is probably due, in part at least, to prolongation of patient’s life 
by oxygen therapy, while disease proceeded unchecked. 


DISCUSSION 


Two of the patients were characterized by a recent acute but not 
widespread tuberculous process. In these patients, no disturbance in 
pulmonary function was manifested by the presence of either cyanosis or 
dyspnoea. The inhalation of 50 per cent oxygen for a period slightly 
over one month did not arrest the progress of the tuberculous lesions, 
nor appear to modify favorably the clinical condition of the patient. 

Of the remaining 3 cases one had a disturbance of pulmonic function of 
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a chronic nature, manifested by dyspnoea, cyanosis and orthopnoea. 
Residence in the oxygen chamber for 2} months increased his feeling of 
well-being as well as relieved the symptoms of anoxaemia. His general 
clinical condition was improved, but no retarding effect on the tubercu- 
lous process took place. The effect of the inhalation of 50 per cent 
oxygen on the gases in the blood was an increase, not only in the arterial 
oxygen saturation, but also in the arterial carbon-dioxide content. 
The authors (6) have called attention to the rise in arterial CO, curve 
level in cases of congestive heart failure following treatment with at- 
mospheres rich in oxygen. The increased level of carbon dioxide makes 
possible a larger elimination of carbon dioxide per breath. This has an 
obvious value when the pulmonary ventilation is decreased, as it is apt 
to be by the inhalation of rich oxygen mixtures in cases of impairment 
of cardiorespiratory function. This subject will be further discussed 
in the following paper on the Effects of Oxygen Treatment in Fibrosis of the 
Lung. 

The fourth patient had an extensive exudative tuberculosis. This 
increased somewhat during the patient’s stay in the oxygen room, and 
spread to his larynx and pharynx. 

The last patient suffered from extensive bilateral tuberculosis with 
acute disturbance in pulmonary function. He was treated by oxygen 
for a period of four months in all. For three months he was in the oxy- 
gen chamber, breathing an atmosphere of 50 per cent oxygen. The 
symptoms of acute anoxaemia, such as dyspnoea and cyanosis, were 
strikingly relieved, and the patient himself experienced a very marked 
improvement in physical well-being. Although life itself was prolonged 
for several months, the tuberculous process steadily advanced. 


SUMMARY 


In 5 patients who suffered from active pulmonary tuberculosis the 
effects of oxygen treatment for periods of one to four months are re- 
ported. In three, who had no disturbance of pulmonary function, there 
was no beneficial effect either on the clinical condition of the patient or 
on the tuberculous process itself. In the remaining two, pulmonary 
function was disturbed, one acutely and the other chronically. In each. 
instance there was evidence of clinical improvement with relief of symp- 
toms of anoxaemia, but no retarding effect on the tuberculous lesion 
itself was apparent. In the patient who suffered from acute disturb- 
ances of pulmonary function in respect to the absorption of oxygen, the 
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inhalation of an atmosphere containing 50 per cent oxygen was apparently 
responsible for prolonging his life over a period of two to three months. 

The analysis of the blood gases in one case with arterial anoxaemia 
showed an increase in the arterial oxygen as well as a marked elevation 
in the carbon-dioxide content of the arterial blood. 
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THE EFFECTS OF OXYGEN TREATMENT OVER LONG 
PERIODS OF TIME IN PATIENTS WITH 
PULMONARY FIBROSIS!? 


DICKINSON W. RICHARDS, Jr., anv ALVAN L. BARACH 


In the previous paper (on oxygen therapy in pulmonary tuberculosis), 
the effects of living in an atmosphere containing 50 per cent oxygen were 
noted in 5 cases of active pulmonary tuberculosis. It was found that 
clinical improvement took place in two cases in which impaired pul- 
monary function was present, although no retarding effect on the progress 
of the tuberculous process was produced. ‘The present report describes 
an extension of this therapy to cases of advanced fibrosis of the lungs 
in which definite impairment of pulmonary function was present. The 
case histories follow: 


1: Female, age 48. Family and Personal History: One child had hay-fever and 
asthma, and a second child slight hay-fever and sensitiveness to horse-serum. 
Past History: Since childhood has suffered from frequent colds followed by 
bronchitis. During five years prior to present illness, evidence of chronic 
bronchitis by crepitant rales at bases of both lungs. Present Illness: Two and 
one-half years prior to oxygen treatment, had attack of bronchopneumonia 
in Paris from which slow recovery during period of four weeks. ‘Temperature 
became normal, but severe paroxysmal cough continued and grew steadily 
worse, accompanied by increasing dyspnoea, orthopnoea and cyanosis. Treat- 
ment at high altitude (Switzerland) materially aggravatedcondition. Weight 
decreased from 175 to 116 pounds. Paroxysms of coughing every morning 
and frequently during day, lasting from one-half to one hour, during which 
marked blueness in lips, cheeks and nail-beds. Physical Examination (at 
time oxygen treatment was begun): Tall, emaciated middle-aged woman, 
breathing in rapid, shallow manner, 60 to 70 times a minute. Face had dusky 
appearance with definite blueness of lips and ears. Thorax rigid, and respira- 
tory movements consisted of abdominal excursions, and vigorous contractions 
of neck muscles. Throughout both sides numerous crepitant rales, with 


1 From the College of Physicians and Surgeons, Columbia University, and the Department 
of Medicine, Presbyterian Hospital, New York City. 

2 This study was undertaken with Dr. James Alexander Miller and his staff at Bellevue 
Hospital. Their codperation and assistance during the course of the work are gratefully 
acknowledged 
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variable number of sibilant and sonorous rales as well. Bronchovesicular 
breathing marked at right apex, and also over area in left anterior chest from 
second to fourth ribs. Tympanitic quality to percussion note anteriorly, with 
slight dulness at both bases. Heart-rate 90 to 100 per minute, with systolic 
murmur at apex and pulmonic area. No cardiac hypertrophy apparent. 
Blood-pressure 100/60. Abdomen scaphoid and showed brownish papular 
eruption. Liver and spleen not felt. Extremities without oedema. Moder- 
ate clubbing of fingers. W. B. C. 10,000, polynuclears 70 per cent; R. B. C. 
4,800,000; Hgb. 85 per cent. Sputum: Extremely scanty; thin watery mucus. 
Streptococcus viridans and Staphylococcus aureus present. In addition, two of 
four examinations showed budding yeast organism of monilia group, found 
on both fresh smear of washed sputum and by culture in Sabouraud’s medium, 
and on intravenous injection into rabbit producing fatal infection terminating 
in five days. Lungs of rabbit showed scattered areas of bronchopneumonia 
from which yeast organisms were cultured. X-Ray of Chest: Extensive 
bilateral process, characterized by dense bands radiating from hilum to pe- 
riphery of lung toward apex and base. Dzagnosis: Fibrosis of lungs; chronic 
bronchitis; asthma. 

Course: Patient first treated by inhalation of 50 per cent oxygen for seven 
hours per day in the Roth-Barach oxygen tent for six weeks, during which 
vaccine, consisting of filtrates made from organisms in sputum, was adminis- 
tered. Potassium iodide was tried, but symptoms of iodism prevented its use 
after three days. After this six weeks patient placed in oxygen chamber and 
inhaled 40 to 50 per cent oxygen for following seven months. Results of 
residence in oxygen chamber were (1) complete disappearance of cyanosis, (2) 
marked relief of dyspnoea, (3) almost complete disappearance of coughing and 
(4) marked improvement in general well-being. At end of first month in oxy- 
gen room, respirations varied between 28 and 36 and pulse from 76 to 90. No 
fever. Following exposure to her daughter, who had pneumococcus, type IV, 
lobar pneumonia, patient developed pneumonia due to pneumococcus of same 
type. Consolidation of left lower with a temperature of 100° to 101°, respira- 
tions of 50 to 60, and pulse 90 to 120. Desperately ill for one week in oxygen 
room, but recovered, with complete clearing of consolidated area. Following 
this infection, however, patient did not recover same ease of respiration which 
she had previously. When asleep, respirations declined to 28; on awakening, 
the least effort frequently provoked breathlessness. Lungs, one month after 
residence in chamber, showed complete disappearance of sibilant and so- 
norous rales and marked diminution in crepitant rales. Throughout illness, 
however, crepitant rales persisted over left lower lobe posteriorly and were at 
times present in small areas of left chest anteriorly and right base posteriorly. 
After three months’ residence in oxygen chamber, patient allowed out for one- 
half to one hour. This tolerated fairly well at first, although at end of one 
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hour cyanosis became marked, breathing more rapid, pulse slightly elevated, 
and temperature elevated 0.5 to 0.8°. During first five months in the chamber, 
patient comfortable greater part of time. Part of time she was in bed, and part 
of time she sat up in chair, ate well, and talked to her family. Not troubled 
by coughing. At times, waves of breathlessness would occur, without appar- 
ent reason, although generally associated with exertion. Weight, however, 
declined gradually from 116 to 104 pounds. Treatment by inhalation of ethyl 
iodide was tried for one month without apparent effect. At end of sixth month 
in chamber, it was evident that patient was weaker, pulse began to run between 
100 and 110, and least movement caused breathlessness. At this time, basal 
metabolism, tested in chamber, was plus 23 per cent. Tidal air between 190 
and 200 cc.; vital capacity 250 cc. Oxygen concentration had to be elevated 
to 50 per cent in order to reduce feeling of breathlessness. Suddenly, one day 
after patient had been taken out of chamber and, while on nasal oxygen (7 
litres a minute), she became irrational, passed into semistuporous condition 
and died one week later in oxygen room. Two days before death, plasma 
carbon-dioxide capacity was 126 volumes per cent. On the following day 
arterial-blood gas analysis showed arterial-oxygen saturation 89 per cent and 
arterial-blood carbon-dioxide content 132.1 volumes per cent. During eight- 
een hours patient was given 18 gm. ammonium chloride. After first 9 gm. had 
been administered, the arterial-blood carbon-dioxide content was 128.2 vol- 
umes per cent. Clinically, patient lapsed into complete coma, and five hours 
before death the arterial blood showed oxygen saturation 50 per cent, arterial 
whole blood CO, content 120.0 volumes per cent, and arterial CO, tension 


120 mm. (approximately). 


2:3 White male, 30 years. Seven years before admission had been troubled 
with nasal exudate, dryness in throat and cough. For five years there had been 
progressive dyspnoea on exertion, fatigue, cyanosis, productive cough, and 
clubbing of fingers. Had been confined to bed-rest for much of preceding year, 
and for a month there had been increasing generalized oedema. Had been at 
Bellevue Hospital and, at suggestion of Dr. James A. Miller, was transferred 
to the Presbyterian Hospital for further treatment. 

Physical Examination: Man of 30, dyspnoeic and orthopnoeic, with puffy 
face, generalized oedema, and marked grayish cyanosis of skin and mucous 
membranes. Fingers clubbed and nail-beds markedly cyanosed. Atrophic 
nasal membranes, with much crusting; congested pharynx. Marked dulness 
over both upper lobes, with harsh bronchial breathing and many moist rales. 
Heart enlarged to left and right, rapid rate, gallop rhythm during inspiration. 
P2 accentuated. Liver enlarged, spleen edge palpable. Moderate general- 


3 This case was also included by the authors in a recent study (1) of oxygen therapy in 
cardiac failure. 
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ized peripheral oedema, and ascites. Blood: R. B. C. 6,500,000; Hgb. 108 
per cent (Sahli); Wassermann negative. Blood urea 0.35 gm./1. Sputum: 
Negative for tubercle bacilli. X-Ray of Chest: Dense infiltrative process, 
spreading upward and laterally from hilum on both sides. Fluoroscopy of 
heart showed general enlargement, dilated conus, and some fixation of peri- 
cardium with change of position. Diéagnosis: Interstitial pneumonia; cardiac 
hypertrophy and insufficiency; adherent pericardium; ascites; general oedema; 
atrophic rhinitis; chronic pharyngitis. 

Course: During first week, while in ward, became definitely worse; cyanosis, 
oedema and respiratory discomfort increased. Fever of 101°to 102°. Arterial 
CO, content was 38.4 volumes per cent and arterial oxygen saturation only 70 
per cent. On December 28, 1929, transferred to the oxygen room, with oxygen 
at 45 per cent; subjective improvement and decrease of cyanosis noted within 
few hours. Urinary output more than doubled on the second day after trans- 
fer from ward, and this increase maintained (on the average) for next two 
weeks. Arterial CO. content increased to 69.7 volumes per cent and oxygen 
saturation to 90 per cent. On fifth day in oxygen chamber, suddenly had 
intestinal haemorrhage, and in next thirty-six hours lost about 1.5 litres of 
blood. Drowsy, seemed weak, and had marked tachycardia. Temperature, 
which had continued its gradual rise since admission, dropped to normal by 
crisis at end of second day of haemorrhage (January 2). Bleeding afterward 
gradually stopped; its cause not found. On January 7 transferred back to 
ward, using oxygen by nasal catheter at about four litres per minute. Diuresis 
continued and by January 14 all oedema had disappeared. Lung signs seemed 
to clear a little, but not much. Moderate cyanosis persisted. Patient then 
continued on this regimen for next two months. Other medications,—KI 
in large doses and ethyl-iodide inhalations,—were tried without apparent 
effect. On March 14 taken off oxygen; for next two weeks cough and cyanosis 
grew worse, and temperature and pulse went up steadily. Urinary output 
decreased and weight increased, though no definite signs of peripheral oedema. 
Return to nasal oxygen brought increased urinary output again and loss of 9 
pounds. Patient kept on nasal oxygen for two months longer; then transferred 
to Montefiore Hospital for a month (without oxygen). Then (July, 1930) 
well enough to go home as ambulatory case. At the present writing (July, 
1931) he is able to maintain restricted activity, although has had to resort to 
inhalation of oxygen for three months, 4 litres per minute, three hours per day. 


3: White male, age 60 years. Family and past history irrelevant. Present 
Tilness: Six years ago noticed shortness of breath on exertion. Since then 
condition has grown steadily worse and, six months before oxygen treatment 
was begun, was unable to walk more than fifteen or twenty steps without 
conscious dyspnoea and sense of oppression in chest. At that time additional 
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diagnosis of fibrosis of the lungs was made. Dyspnoea from then on markedly 
increased and finally patient went to bed. For six days dyspnoea and cyanosis 
became progressively worse. Physical Examination (when seen at this time): 
Man of medium build gasping for air, with marked contraction of neck muscles 
and rigid thorax. Markedly cyanotic, particularly lips, ears and hands. 
Heart-sounds inaudible. Blood-pressure 140/70. Pulse 100, small and thin. 
Lungs: Chest barrel-shaped and rigid, except at costal margins, where in- 
fluenced by the diaphramgatic movements. Breath-sounds diminished, with 
prolonged expiration. Crackling rales at right apex and both bases. No 
oedema. X-Ray of Chest (taken three months before): Hilum shadows 
markedly increased in both size and density, and extending outward, par- 
ticularly on left side, where several small areas of increased density were visible. 

Course: Put in oxygen tent with an oxygen concentration of 50 per cent. 
In two hours changed from extremely labored breathing, which appeared 
intolerable, to one of very much less effort. Cyanosis very much diminished; 
in forty-eight hours, pulse had slowed to 72, breathing was easier and patient 
appeared no longer in danger. Kept in oxygen tent for ten days, and then on 
oxygen from nasal catheter, using 4 litres per minute, for three weeks more. 
For next eight months took 4 litres a minute of oxygen for five or six hours 
daily. Able to carry on life in fair comfort with much restricted activities. 
Not short of breath except on exertion. Able to go out to dinner, take auto- 
mobile rides or go to movies in comfort. At present has been without oxygen 


for one month, without recurrence of excessive dyspnoea and cyanosis. 


DISCUSSION 


The results of long-continued oxygen treatment are of considerable 
interest, from both a clinical and a physiological point of view. In each 
of the cases above described, the cardiorespiratory mechanism had broken 
down to such a point as to warrant a fatal prognosis within a matter of 
a few days or a few weeks at most. The aid to pulmonary function which 
the inhalation of an atmosphere containing 50 per cent oxygen provided 
so altered the course of illness that in each instance within several days 
the patient appeared no longer alarmingly ill and was in relative comfort. 

In the first case the first month of oxygen treatment resulted in very 
striking improvement. The paroxysmal cough, from which the patient 
had suffered for two and one-half years, had completely disappeared. 
The intense dyspnoea, which she experienced following her coughing 
attacks, also cleared up and there was little subjective breathlessness. 
Cyanosis in the oxygen room was entirely absent. Sibilant and sonorous 
rales disappeared, and there was a very marked diminution in the number 
of crepitant rales. Following the attack of pneumonia, the subsequent 
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course of events indicated that the fibrosis steadily advanced. Grad- 
ually the patient became less comfortable in 40 per cent oxygen, and 
required 50 per cent to avoid the sensation of breathlessness, and at times 
for short periods 60 per cent oxygen was needed. Although for the most 
part she ate well, she was never able to gain weight. One week before 
death, she was taken out of the chamber one day on nasal oxygen, and in 
ten minutes passed into a state of collapse, with marked elevation of pulse 
and respiration and extreme fatigue. Five minutes later, the inhalation 
of 60 per cent oxygen relieved her completely and restored the sensation 
of strength, although 40 per cent oxygen had previously afforded no 
relief from breathlessness. It seemed evident that a gross mechanical 
destruction of functioning alveoli had taken place. Examination of the 
lungs at this time showed no change from the condition present four 
months previously. Crepitant rales were present over the left lower 
lobe and a few over the right base and over a small area of the left an- 
terior chest. Breath-sounds were vesicular, and there were no signs of 
fluid or consolidation or of oedema in the lung. The inhalation of 
oxygen apparently prolonged life for a period of seven months in the 
presence of a progressively extending replacement of functioning alveoli 
by connective tissue. The finding of the extraordinarily high carbon- 
dioxide content is in accordance with similar results which we have 
noted after oxygen treatment in cases of congestive heart failure. In 
this patient’s case, the very small amount of functioning lung tissue 
remaining seemed responsible for the development of a mechanism in 
which a high concentration of carbon dioxide in the blood was needed to 
eliminate adequate amounts of this gas. That this was a useful adjust- 
ment was strongly indicated by the fact that no relief, but rather in- 
creased respiratory effort, followed the introduction of ammonium 
chloride. 

In the second and third cases, oxygen treatment was followed by relief 
of dyspnoea and also by relief of cardiac failure. Both patients were 
restored to a condition of health which was compatible with moderate 
ambulatory activity. From time to time a recurrence of dyspnoea and 
an increase in cyanosis necessitated a return to intermittent oxygen 
therapy. It has been found that these patients will benefit from three 
to six hours’ oxygen treatment through a nasal catheter, administering 
four litres per minute, whereas this amount of oxygen therapy will be 
inadequate to restore a state of compensation, once cardiorespiratory 
failure is present. It is apparently of value in periods of fatigue and 
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undue breathlessness. From a clinical point of view it is of considerable 
interest that life may be maintained and prolonged by the inhalation of 
atmospheres containing 50 per cent oxygen in patients in whom pul- 
monary function has been severely impaired by gross pathological dam- 
age. The reaction of two of these patients indicates that some readjust- 
ment in the functioning of the lung takes place which enables them to 
carry on without increased oxygen, at least for a period of time. One of 
the patients is alive one year and seven months after continuous oxy- 
gen treatment ceased, and the other is alive eight months after such 
treatment. 

In two of these patients in whom the arterial blood was analyzed for 
oxygen and carbon dioxide before and after oxygen treatment, the in- 
halation of an atmosphere containing 50 per cent oxygen resulted, not 
only in increased arterial oxygen saturation, but also in a marked rise in 
the arterial carbon-dioxide content. In the fatal case of fibrosis of the 
lung, the carbon-dioxide content of the arterial blood had reached the 
extraordinary value of 132 volumes per cent. This remarkable value in 
arterial-blood CO, content appears to confirm the suggestion made in a 
previous paper (1), that the development of a high concentration of 
carbon dioxide during oxygen treatment is a compensatory adaptation, 
which occurs with decreased pulmonary effort and a lowered pulmonary 
ventilation and which permits a normal excretion of carbon dioxide with 
a smaller functioning lung volume. 

A similar increase in arterial-blood CO, has been noted by the authors 
in a recent paper (1), as a nearly constant finding in cardiac patients with 
arterial anoxaemia, when the anoxaemia was relieved following oxygen 
therapy. The suggestion was made in this paper that the CO, increase 
was a compensatory adaptation: J: In the decompensated state (whether 
cardiac or pulmonary), pulmonary function is disturbed, due to inade- 
quate lung expansion, to diminished diffusion across alveolar membranes, 
or to insufficient distribution of inhaled gases through lung alveoli. The 
result is dyspnoea, increased pulmonary ventilation, and, at the same 
time, an insufficient saturation of the arterial blood with oxygen. The 
CO, level that is assumed is found to be usually near or just below the 
normal range. 2: With oxygen inhalation, oxygen absorption from the 
lungs into the arterial blood is facilitated, the arterial blood is normally 
saturated, or nearly so, with oxygen, while at the same time the pul- 
monary ventilation can and does diminish. But this latter state renders 
more difficult the elimination of CO,. If, however, alveolar and blood 
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CO, levels are increased, so that in a given expiration more CO, is elimi- 
nated, then equilibrium can be restored again. This is apparently the 
type of adaptation that takes place, both in cases of cardiac insufficiency 
and in those of the cases of pulmonary dysfunction that are relieved in 
high oxygen atmospheres. 

In two of the cardiac cases studied, and in one case of the present 
pulmonary-fibrosis series, another phenomenon occurred. With pro- 
longed stay in high oxygen, that is, during the second or third week, the 
arterial CO, fell again somewhat, after having risen toa maximum. We 
are inclined to ascribe this to improvement in the distribution of air 
through the lungs, and in pulmonary function in general; so that, though 
pulmonary ventilation showed no further change, a more efficient elimi- 
nation of CO, took place and the blood and alveolar CO; levels fell. 


SUMMARY 


1. Three patients, who suffered from extensive fibrosis of the lung and 
who had arrived at the point of extreme cardiorespiratory insufficiency, 
were treated for periods of five to seven months by the inhalation of 
atmospheres rich in oxygen. In all three striking clinical improvement 
took place, beginning within a few hours and continuing progressively 
for several days following the inhalation of 50 per cent oxygen. One 
patient died at the end of seven months, as a result of a steadily advanc- 
ing pulmonary fibrosis. The remaining two were restored to a condition 
of health which was compatible with moderate ambulatory activity. 
One is alive eight months after oxygen treatment and the other one year 
and seven months after oxygen treatment. 

2. The inhalation of 50 per cent oxygen resulted, in the two cases in 
whom measurements were made, in an increased arterial-oxygen satura- 
tion and also in a remarkable elevation of the carbon-dioxide content of 
the arterial blood. The increase in arterial-blood CO, appears to be of a 
nature similar to that reported in a previous paper concerning the effects 
of oxygen treatment in heart disease and suggests that a high concen- 
tration of carbon dioxide in the blood during oxygen treatment is a com- 
pensatory adaptation which ensues upon decreased pulmonary ventila- 
tion, and which also permits a normal excretion of carbon dioxide with a 
smaller functioning lung volume. 


BIBLIOGRAPHY 
(1) Baracs, A. L., AND RicHarps, D. W., Jr.: Arch. Int. Med., 1931, xlviii, 325. 


iy 
be 
be 
| 
if 
ik 
} 
q 
‘ 


LYMANHURST, A PUBLIC-HEALTH OUTPOST’ 
W. P. SHEPARD 


Natural laws, operating universally, require adaptability to environ- 
ment as a condition for survival. The bodily organism must undergo 
constant modification to meet changing surroundings if it is to escape 
relegation to a museum of lost species. This same adaptability to chang- 
ing conditions is apparently required of social movements if they are to 
survive. An amusing exhibit might be made of social movements, 
started long ago and dying a natural death because they lacked adapta- 
bility. Perhaps the simonpure socialism of Karl Marx can one day be 
likened to the skeleton of the dinosaur—a fearsome animal in its day, 
but no longer extant. Possibly Puritanism in its strictest sense is ap- 
proaching the museum stage although it led to the founding of a great 
nation. Our great-grandchildren may see the day when that remarkable 
movement called Prohibition can be viewed with amusement as an his- 
torical curiosity. 

Ready adaptability to a rapidly changing environment is an outstand- 
ing characteristic of the antituberculosis social movement, thus far in its 
short life. Few environments have changed as rapidly as that in which 
this movement has been nurtured and has flourished. Peculiarities of 
the tubercle bacillus; its ubiquitous distribution; the complicated epi- 
demiology of the disease; the revolutionary changes of X-ray diagnosis; 
the staggering task of institutionalization, chiefly at public expense; 
development of the public-health movement, particularly the public- 
health nurse; failure to discover a practicable specific immunizing agent; 
ultimate acceptance of the health movement by school authorities; rapid 
changes in the practice of medicine; health implications in the expanding 
industrial movement, and many other changes in 30 years, were enough 
to stifle a movement less adaptable, or less worthy. 

If it be that this organization of ours has acquired so valuable a char- 
acteristic, it behooves us to make careful and frequent examination of 
its normal structure that we may guard and enhance this desirable trait. 


1 Address delivered at the Lymanhurst Tenth Anniversary Dinner, Minneapolis, Minne- 
sota, December 2, 1931. 
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ANTITUBERCULOSIS PROGRESS IN THE TWENTIETH CENTURY 

Examination quickly shows that the objectives of the antituberculosis 
movement of 30 years ago were not far different from those of to-day. 
Condensing a statement by Homer Folks (1) they were: 


1. Case-finding 3. Control of spread 
2. Treatment 4, Education 


No new major items can be found in the program of to-day. 

It is apparent, however, that the methods employed to attain these 
objectives have changed .vastly in 30 years. They have changed with 
such celerity, and Lymanhurst has played so important a part in the 
later changes, that a brief review by decades seems justified. Herein 
lies the movement’s evidence of adaptability. Its changes have been 
those of intensification, rather than accretion. No sooner has a new 
discovery been made and proved, or a new device perfected and tested, 
or a new social principle demonstrated, than this movement has adopted 
it and turned it to good use. No sooner has success or failure resulted 
from the use of new devices in one locality than these have been described 
for the benefit of all localities. Thus we find with each ten-year period 
more and better work being done on a national and international scale 
toward the attainment of the one great objective;—the eradication of 
tuberculosis. 


First Decade 


From 1900 through 1909 case-finding was hindered by crude methods 
of diagnosis. Inspection, palpation, percussion, auscultation, positive 
sputum, occasional insulting doses of tuberculin, were the main standbys. 
X-ray diagnosis was regarded with suspicion following Cole’s exhibit of 
his early chest plates at the International Congress in Washington in 
1908. Doctor Tuohy (2) says: ‘There were indeed those present who 
were vehement about the preposterousness of injecting any such mechan- 
ical objective artifice (X-ray) into a problem that was so obviously sub- 
jective and concerned only with the diagnostician’s cerebrum properly 
linked up with his own pet stethescope.” Recruiting of examinees de- 
pended largely upon scarehead propaganda, a negative approach in 
place of the present constructive positive one. Dispensaries and clinics 
were few in number and early diagnosis was rare and accidental. 

Treatment was early recognized to depend largely on institutions, 
many of them operated at public expense. England led the way, and 
this country followed late in the decade as a result of Newsholme’s an- 
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nouncement at the 1908 Congress, ‘‘We are controlling tuberculosis in 
England by hospitalization.” In general, however, it was a period of 
despair for the public which had hoped for a specific cure. It was 
a period of great prosperity for the nostrum industry, which was of- 
fering a cure a day and waxing fat therefrom. Doctor Walter J. Marcley 
had opened the first state Sanatorium at Rutland, Massachusetts, in 
1898, and ten years later opened Minnesota’s state sanatorium at Walker. 
The American Sanatorium Association was organized in 1905. But, 
on the whole, home-treatment and far-advanced cases were the order 
of the day. 

As to control of spread, very few health departments were actively 
concerned because practically all cases were reported only by the death 
certificate. Michigan passed a compulsory notification law in 1893 (3), 
and New York City in the same year. During the decade 16 States 
passed reporting laws, but they were generally disregarded. This was 
the era of antispitting ordinances and much was accomplished in that 
field. Isolation of cases was desultory. Contacts received little atten- 
tion. Voluntary organizations were far in the lead of official health 
departments in their control work among such cases as came to their 
attention. Indeed, as has so often been true before and since, the volun- 
tary organizations, most of them affiliated with the National Tuberculosis 
Association, were showing health departments the way, persuading, 
coercing, sometimes threatening them, to assume the burden of tuber- 
culosis control. 

Education was largely confined to attempts at frightening the early 
consumptive into the doctor’s hands; to an attack upon the nostrums in 
which an ardent champion was found in Arthur Cramp of the American 
Medical Association; to promoting the sale of Christmas seals; and pre- 
senting the need for public sanatoria. It is noteworthy that in this 
decade 28 States considered legislation to establish state sanatoria, and 
that in only 7 of these the bill or the appropriation failed. Thus early in 
the life of the antituberculosis movement do we find powerful influences 
being brought to bear on legislation. Other portions of the broader 
public-health movement may well emulate the tuberculosis movement 
in its rapid legislative program. 

In the words of Doctor Tuohy (2) the first decade was ‘‘a period of 
rising hope on the part of doctors, but deepest despair on the part of 
patients towards consumption; this disease provided the great predomi- 
nant fear implanted in the minds of the persistently sick.” 
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Second Decade 


During the second decade of the century we find still more evidence 
of intensification of the program. 

The X-ray, fluoroscope and stereoscope came into general use. Tuber- 
culin was generally conceded to be a diagnostic rather than a therapeutic 
implement. Its dosage, method of use, and potency were standardized. 
More cases were discovered early through the formation of tuberculosis 
dispensaries and traveling clinics. The periodic health-examination idea 
dawned and gained early impetus. 

Treatment flourished in the rapidly increasing sanatoria and news of 
their good results spread over the land a welcome light of hope. Rest 
and other things were recognized as the closest approach to a sure-cure 
even before they were so eloquently expounded in the patients’ language 
by Allen Krause (4). The rainbow of promise was analyzed and employed 
for the patients’ benefit through the development of heliotherapy for 
extrapulmonary cases. For the benefit of those unfortunate enough to 
be indigent and not resident in a sanatorium area, or those still more 
unfortunate who lived in a sanatorium area but were not indigent, a new 
aid to home care was offered,—the public-health nurse. After a demon- 
stration of her value by infant-welfare and county tuberculosis societies, 
even health departments condescended to hire a few nurses “on trial.” 
The nurse soon threatened to become as obnoxious as the book-agent, 
and the modest home was subjected to a nurse-barrage by the tubercu- 
losis society, the infant welfare, the school, the health department, the 
Visiting Nurse Association, and the factory. It was a neglected family 
which could not list more than one nurse among its regular callers. The 
preventorium idea was born, and a new term, pretuberculous, was applied 
to children. Like many children’s activities, where objective measures 
such as buildings, sun-porches, bare-backs, sun-suits, and alpine lamps 
could be shown, the preventorium became popular. Money was furnished 
in ever-increasing amounts, and justly so, to provide these devices. 

As reporting became more general, though still far from effective, 
health departments found it necessary to do something about their in- 
creasing lists of cases. It was natural that they should adopt, with 
occasional modifications, the program of isolation and contact-supervision 
already demonstrated by the voluntary agencies. Surprised at the 
willingness of health officers to listen to their suggestions, local tubercu- 
losis societies were forced to lay aside their methods of coercion and their 
derision of “all persons political,” and show a willingness to get down to 


i 
264 

al 

=| 
i 


LYMANHURST 265 


business in the arrangement of a codperative program. Legislation 
requiring the protection of milk supplies from human and bovine disease 
became more common, and it is significant that this was largely sponsored 
by official health agencies. The influence of the Framingham demon- 
stration, sponsored by the voluntary agency, but done under official 
auspices, was felt with surprising speed throughout the country. Number 
of beds per death, and number of reported cases per death, became a 
yardstick against which health officers quickly, though sometimes se- 
cretly, measured themselves. Official and voluntary tuberculosis dis- 
pensaries sometimes vied with each other in registering patients. 

Educational work was advancing apace, both within the medical pro- 
fession and among the public. The declining death-rate became some- 
thing more than a statistical fact. It was converted into good news for 
the lay-public. A death blow was dealt the patent-medicine industry 
by the investigations of nostrums and quackery by the American Medical 
Association, and by the refusal of leading newspapers, among the first 
of which were the Minneapolis Journal and the Minneapolis Tribune, 
to accept advertising claiming to cure tuberculosis and cancer. The 
seal-sale was more successful each year. There was a growing apprecia- 
tion of the fact that the antituberculosis movement was in reality a general 
public-health movement, that it was giving great impetus to improved 
public-health practice, and was strengthening official departments of 
health. 

Altogether, this was a decade of rapid progress for our social movement, 
one characterized chiefly by medical and administrative advance. In- 
deed the administration of an antituberculosis program became a spe- 
cialty for which executive secretaries were trained for local organizations. 
Public-health administration developed simultaneously, and the Ameri- 
can Public Health Association formed a Committee on Administrative 
Practice which, through perseverance, scholarship and statesmanship, 
has made remarkable advancement in administrative standardization. 


Third Decade 


The last ten years are much too recent to appraise them adequately. 
Again, however, there have been no new objectives added. There have 
developed numerous new methods of attaining these objectives. 
Case-finding has been vastly improved by the increasingly common 
practice of examining school-children, as well as adults, periodically. 
State health laws have been amended or reinterpreted to enable the health- 
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officer to force examination of contacts if they be suspects. An increasing 
number of circumscribed areas have had routine X-rays of certain school- 
age groups. This has led to the surprising discovery in the young of 
grave tuberculosis without symptoms. It presents a new challenge to 
our social movement for immediate revision of our methods of finding 
incipient cases. To some extent it is a vindication of those physicians 
who, working without X-rays in 1910, were criticised for not finding cases 
earlier. A smaller but increasing number of communities have had rou- 
tine tuberculin-testing of children as well as milk-cows. This has dis- 
closed the startling fact that tuberculous infection is less universal than 
formerly thought, and that it is probably decreasing, as demonstrated in 
follow-up studies in Framingham. Newly found differences in the 
pathogenesis of adult and childhood tuberculosis threaten to upset our 
present conception of the epidemiology of tuberculosis. The term pre- 
tuberculous, as applied to children, contains less significance than in the 
preceding decade. More and better tuberculosis dispensaries and travel- 
ing clinics have developed. 

As to treatment, a new era of chest-surgery, beginning in the preceding 
ten years, has resulted from the ideal conditions for treatment presented 
by the sanatorium. Thus we have an effective check on the “‘galloping 
consumption” of former years, and much hope has arisen for those chronic 
fibrotic cases, formerly thought incurable and doomed for life to an insti- 
tution. More and better sanatoria and an increasing use of an improved 
home-nursing technique have developed. 

Control of spread has been strengthened by improved methods of 
handling contacts. Reporting, though still far from perfect, nevertheless 
shows gradual improvement as relations between health departments and 
practising physicians become more cordial. Pasteurization of milk, 
isolation in sanatoria and isolation by rigid supervised technique at home, 
have apparently decreased the hazards of exposure until we may be just 
on the verge of a new era in tuberculosis control. Limitations to the 
preventorium program have been discovered (5), and a new movement, 
of which Lymanhurst is a forerunner, is well under way. This is the 
movement to modify the school curriculum so that limited tuberculous 
infection in childhood can be treated andimproved without institutionali- 
zation and without interruption of progress in school. 

Educational activities have proved a snowball, growing bigger as it 
rolls down the grade provided by the increasing number of discharged 
sanatorium patients. Nothing teaches like experience, and there are 
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comparatively few families to-day that have not been educationally 
benefited by the sojourn of a member or close friend in a sanatorium. 
State and county tuberculosis societies have increased in number and 
strength until their influence is unquestionably felt throughout the land. 
The ‘‘positive health” idea has gained impetus, and more well people are 
being examined to see “chow well they are.”” The tuberculosis movement 
has become recognized as in truth a general public-health movement. 
Although some members of local boards of directors still demur at 
changing their name to a Tuberculosis and Health Association, they are 
usually the ones who fail to appreciate that they have actually been 
conducting a general public-health movement for the past 30 years. 
Tuberculosis has become to public health what typhoid fever was to 
medicine 40 years ago. Osler said that he who knew all aspects of typhoid 
fever knew how to practise medicine. Similarly, the public-health officer 
who knows all aspects of tuberculosis also knows public health. 

There is little doubt that this decade will go down in history as the 
most important of the three now past. It will show unquestionable 
evidence of the continued ability of this social movement to modify its 
form according to the demands of its environment. It is hoped that it 
will show the future leaders of the movement an important characteristic 


which must be preserved. Whether tuberculosis is then considered con- 
trolled or not, there will always be need for an organized movement of 
this kind to promulgate the ever-changing and always vital principles 
of public health. 


LYMANHURST’S PART 


Coming now to the part played by Lymanhurst in this movement, it 
is apparent that, since its opening in 1921, this institution has been in the 
forefront of the advancing antituberculosis army. In fact, it is signifi- 
cant that, although the original grant was made by the Lymans as far 
back as 1912, the institution did not come into being until the time was 
ripe for it to play a leading réle. So far as can be ascertained from a 
review of the writings of its medical staff, Lymanhurst has at no time 
failed to take advantage of each new discovery of proved value in the 
case-finding, treatment, control, and educational fields. With these 
generalizations we shall be less concerned than with the more specific 
and outstanding contributions of the institution to the tuberculosis move- 
ment. When these are enumerated and appraised against the background 
of the movement as a whole, then we see Lymanhurst in its true picture,— 
an outpost of public health. 
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The Statecraft of Public Health 


First, and to my mind most important, though probably least appreci- 
ated by yourselves who are too near the trees to see the forest, is the 
fact that Lymanhurst has made a great contribution to the politics of 
public health. I refer to politics defined by Webster as “the administra- 
tion of public affairs in the interest of peace, prosperity, and the safety 
of the state.” 

I am convinced that bungling politics, or clumsy statecraft, or ignorance 
of political science, or perhaps just plain bad-manners in dealing with 
our fellowman, have done more to retard the public-health, and with it, 
the antituberculosis movement, than any other evil. As medical men, 
too few of us in public health have much comprehension of the art and 
science of statesmanship. As social workers pushing forward a great 
social movement, we are too likely to be regarded as “‘long-hairs” and 
zealots, and therefore to be looked on with suspicion by the average man. 
Too many of us take after our public health forefather, Sir Edwin Chad- 
wick, who by his own enthusiasm and energy killed the first sanitary 
board (6) created in England in 1848 which he had spent his life forming. 
Too few of us resemble his successor, Sir John Simon, the first national 
health officer of England, who held office for 21 years, and through the 
application of the simple principles of statecraft brought about a slow 
but sound sanitary reform. Many are the health departments and the 
health movements which are said to have failed ‘because of politics.” 
These failures can frequently be traced to a lack of application of even the 
fundamentals of statesmanship by those in charge. It is my belief that 
the distressing problems of inadequate public-health personnel, insecure 
tenure of office, inadequate financial support, and many others, would 
be largely remedied by application of the administrative principles so 
successfully pursued in the development of Lymanhurst. 

No health institution has come to my notice which more successfully 
combines the public-health assets of an entire large city than does Lyman- 
hurst. It is either directly or unofficially linked with the city health 
department, the city hospital, the board of education, the University, 
the Visiting Nurse Association, the County Public Health Association, 
the County Tuberculosis Sanatorium, the County Medical Society, and 
doubtless other official and voluntary agencies. To be sure, individuals 
and organizations have had, and will continue to have, honest differences 
of opinion. But never, so far as can be discerned by the outside world, 
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have these differences seriously hampered the steady development of 
this institution. 

This contribution is so valuable that it has served as a national demon- 
stration of what can be done by public-health codperation. Its success 
is being confirmed in various forms elsewhere. New York State, largely 
through the State Charities Aid Association, has applied statesmanship 
to public-health and welfare problems for many years, and has become 
a leading State in the wisdom of its public-health program. It has had 
a succession of two governors whose vision of and interest in public health 
have been remarkable. A similar organization exists in Pennsylvania. 
Cleveland has long been known for its progressive and codperative public- 
health program. Toronto and Berkeley have unique plans of unified pub- 
lic-health administration, originated and continued through distinguished 
leadership and the application of practical politics, the happy combina- 
tion found in Minneapolis. Some years ago it was my privilege to apply 
the administrative principles so well practised at Lymanhurst to the 
organization of the Sunshine School in Berkeley, participated in and 
supported by the city health department, the city board of education, 
the medical relief agencies, the parent-teacher group, the County Sana- 
torium, the County Tuberculosis Association, and others. Not only has 
this school met the need for which it was intended, but it has solidified 
parent-teacher support for the board of education and has improved 
relations within the board itself. 

Apparently a combination of circumstances was originally responsible 
for setting the stage upon which this important demonstrational drama 
could be enacted in Minneapolis. At the very beginning of antituber- 
culosis work in Minneapolis there appeared a group of young, active, 
public-spirited physicians who understood the science of tuberculosis 
prevention. The Young Men’s Medical Club, organized in 1896, was 
much interested in tuberculosis (7). In 1903 it was instrumental in 
opening the first tuberculosis dispensary after conferring with the Uni- 
versity. Very shortly, these young medical zealots either sought or had 
offered them, or decided to combine with, lay-support. If it was a 
voluntary choice, they chose wisely, for support was obtained from Mrs. 
George H. Christian, who, with her family, has done so much for health 
and welfare work in Minneapolis. Rarely have philanthropists aided 
health-development with such vision and generosity as has the Christian 
family in Minneapolis, and it was largely through Mrs. Christian’s efforts 
that the Associated Charities entered the tuberculosis field in 1903. To 
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this institution the Lymans have been equally generous. A public-health 
consciousness was thus born in this city which has developed with the 
years. It laid the groundwork for sufficient political reform to bring the 
city in 1920 a full-time health officer, well trained in preventive medicine 
and administration, and to some extent protected from the evil side of 
politics. 

It is characteristic of Doctor Harrington’s energy that he lost no time 
in opening Lymanhurst in its present form. It is equally characteristic 
that he attracted men to its service who were eminently qualified for 
their respective positions. But not the least of his victories of 1921 was 
the evolution of an administrative set-up which assured not only public 
financial support but codperative alliance on the part of all the official 
and voluntary agencies of the city that might contribute to the attain- 
ment of his objectives. 

His selection of J. Arthur Myers as chief of the medical staff was par- 
ticularly fortunate. While it is not intended to detract from the great 
credit due every member of the medical and administrative staff over 
these ten years, I am sure you will agree that much of the valuable ac- 
complishment of this staff has been due to the example of personal 
industry, the patience, the persistence, and the inspiring encouragement 
of our Chief. I have known him since the days of his anatomy-instructor- 
ship, as teacher, fellow-student, clinical instructor, research worker, 
co-author, colleague, and physician, and I have yet to find a man with 
whom it is a greater privilege to be associated. 

Thus we find Lymanhurst, the flower of a sturdy plant in the garden 
of public health; its seed planted in a fertile field by a great national 
movement; its root, represented by our Minneapolis fathers of preventive 
medicine and the eminent health benefactors of our city; its stalk bearing 
the weight and supplying the nourishment, as represented by the Board of 
Public Welfare and the Board of Education and their health executive, 
Doctor Harrington; the primary branches by our chief of staff, and our 
teaching and nursing heads and their assistants; the leaves, now dropping, 
now growing anew, by the medical, nursing and teaching staffs. And, 
surrounding all, is a favorable atmosphere of public-health consciousness, 
coéperative effort and political economy such as has rarely been seen in 
any city. When we learn more generally to apply to the tuberculosis 
and public-health movement the statecraft which has been applied to the 
formation and administration of Lymanhurst, we shall have advanced 
our movement into a new realm of security and efficiency. 
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Modern School-Healih Procedure 


The second specific and outstanding contribution of Lymanhurst to 
the antituberculosis movement is the successful demonstration of what is 
needed and what is possible in modifying the public-school curriculum to 
meet the health needs of the individual child. To be sure, a start was 
made in this direction many years ago with the open-air school directed 
specifically against childhood tuberculosis. This developed with only 
moderate success, awaiting the contributions still to be made by the 
preventorium and the introduction of school work into crippled children’s 
hospitals. Lymanhurst has demonstrated a much broader principle than 
any of these; namely, that it is not only proper, but possible to modify 
the child’s school environment so as to avoid aggravating an abnormal 
physical condition, and in many cases to remedy it entirely. It has 
shown that it is unnecessary to force children of varying physical condi- 
tions through the same mill of curricular activity originally designed 
fora normal child. It has shown that, given a proper community-health 
machine to start with, it is unnecessary to wait until the vicious circle 
of improper home environment plus an aggravating school environment 
precipitates a physical breakdown of sufficient degree to require institu- 
tionalization. Thus we now find this same principle being applied in 
many parts of the country to children with cardiac defects, orthopaedic 
defects, and those of vision, hearing, and mentality. This principle, 
then, is a national contribution of the utmost importance, demonstrated 
perhaps not first by Lymanhurst, but surely with outstanding success. 

In the tuberculosis field alone the adoption of this principle is markedly 
changing our administrative procedure. It completes, according to 
our present knowledge, the circle of tuberculosis protection thrown around 
the individual. Ideally, now, we havea home free from contact. Missing 
that, the child with early infection that threatens disease is given special 
care in the health-school. Missing that, the preventorium is available. 
Missing that, the sanatorium is available for cure. 

A final aspect of this contribution is the lightening of the case-load 
on the preventorium. Children can be discharged earlier if they can 
return to a health-school. They are more likely to maintain the gains 
in weight and in general resistance accomplished at the preventorium. 
It is unnecessary to enlarge upon the economy of the health-school as 
compared with either preventorium or sanatorium. 
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Contagious-Disease Control A pplied to Tuberculosis 


The third outstanding contribution of Lymanhurst is one much too 
new to evaluate. It may turn out to illustrate fallacious reasoning. It 
may become the greatest contribution of this institution. I refer to your 
recent publications, particularly by Myers (8), on the necessity of apply- 
ing the recognized principles of contagious-disease control to tuberculosis. 
The disease is likened to typhoid fever, but with several epidemiological 
differences, the essential ones (for this purpose) being a prolonged incu- 
bation period and a varying and obscure immunology. The health de- 
partment confronted with typhoid fever methodically applies the indi- 
cated control measures: (1) elimination of the source, (2) finding and 
isolating all cases and carriers and (3) finding, isolating, and observing 
all contacts. Upon the successful application of these three steps rests 
the elimination of typhoid fever from the community. Why, asks 
Myers, is this not done with tuberculosis? He cites many preventable 
tragedies, particularly among nurses and medical students, due to the 
neglect of these known methods of contagious-disease control. He 
cites the fact that case-finding can now proceed with considerable exact- 
ness by the proper combined use of tuberculin, X-ray, physical examina- 
tion, and history. He points out that 50 to 60 per cent of those exhibiting 
the adult, destructive type of tuberculosis can be shown to have had the 
earlier more benign type of childhood disease; that these persons were at 
some time contacts and should therefore have been under close enough 
observation to prevent the development of tuberculous disease. He 
believes that tuberculous infection is decreasing decidedly, some rural 
communities showing less than 30 per cent positive reactors among their 
young. He believes that this reduction in the incidence of tuberculous 
infection is progressive and the natural result of elimination of tubercu- 
lous milk-cows, and extensive isolation of the tuberculous human being. 
Why, then, cannot tuberculous infection be eliminated almost entirely 
as has been done with typhoid fever? 

This is a shocking question to the epidemiologist and physician. It 
borders on sacrilege toward the sacred views of our masters. It makes 
us squirm. We quickly search for defenses which will permit us to 
resume our comfortable repose in the belief of Bushnell (9) that often 
a little tuberculous infection is a “beneficent vaccination.” Our attitude 
is that of the fathers of ancient and holy writ who were asked by a preco- 
cious student, ‘“How many teeth has a horse?” After careful search of 
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the sacred writings of the monastery, no light could be shed on this 
question, and the student suggested direct examination of a horse’s 
mouth. Whereupon the fathers stated: ‘‘Satan hath tempted this bold 
neophyte to declare unholy and unheard of ways of finding the truth, 
contrary to all the teachings of the fathers.”” They concluded that this 
question was “an everlasting mystery because of a grievous dearth of 
historical and theological evidence thereof,” and so ordered the same 
writ down (10). 

If it be true, as seems likely, that the incidence of tuberculous infection 
is decreasing, then sooner or later we shall have to face this question. 
So long as it appears that tuberculous infection is well-nigh universal 
in adults, then prevention of infection seems hopeless and we had best 
concentrate on the factors which cause the infection to develop into 
tuberculous disease. But if sanatorium isolation, home isolation under 
the supervision of the public-health nurse, pasteurization of milk, im- 
proved methods of case-finding, mean anything, and unless the problem 
of healthy carriers proves to be more serious than is now anticipated, 
then we must some day come to the point where transmission of the 
tubercle bacillus from person to person and from animal to person will 
commence to diminish in frequency. If that day is already here, as 
some believe, then we had best prepare to apply what may be the death- 
blow to tuberculosis as'a major cause of death. 

The next ten years will shed much light on these problems, and Lyman- 
hurst will continue to add its contributions, both major and minor. We 
shall learn more about the cellular and humoral mechanisms of immunity, 
and perhaps know more certainly when an individual is oversusceptible 
and when overimmune to tuberculosis. We shall need a much more 
accurate knowledge of the factor or factors causing the transition from 
tuberculous infection to disease. And possibly we may have, if not in 
the next decade, then in some following one, a specific immunizing agent. 

Meanwhile, in contemplation of this startling question and before 
attacking the enormous task of widespread case-, carrier-, and contact- 
finding, and their isolation and observation, it will be necessary to prove 
to the most skeptical: 

First, that the hazards of developing the adult and destructive type 
of tuberculosis are less when the first infection or childhood type is avoided. 

Second, not only that the incidence of tuberculous infection is sur- 
prisingly low in rural communities, but that it is decreasing eid and 
continuously in urban centres. 
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Third, that reinfection plays a more important réle in the development 
of adult tuberculosis than autoinfection, and as important a réle as the 
development of so called lowered resistance through the physical stresses 
of life. 

Fourth, that the healthy carrier problem is no more serious than in 
typhoid fever, serious as that is; and is much less important than in 
pneumonia, meningitis, and possibly infantile paralysis. 

Dublin (11) has pointed out very recently that the tuberculosis death- 
rate continues to diminish at a surprisingly rapid pace and that before 
1940 we may see a rate of less than 40 deaths per 100,000 population 
in the original Registration States as compared with a rate of nearly 
200 at the beginning of the century. I once heard a member of this 
staff expound the theory of irreducible minima in contagious-disease 
control. He pointed out, that the lower death-rates from a given con- 
tagious disease became, the harder it was to reduce them further, and 
that ultimately a residuum of deaths and cases remained which could 
only be reduced further by the application of some new control principle. 

How soon will that irreducible minimum be reached in tuberculosis? 
When it is reached, what new weapons shall we have to bring about fur- 
ther reduction? Without doubt, when that time comes, be it to-day or 


to-morrow, we shall then commence to apply the proved procedures of 
contagious disease control to tuberculosis. Then, if not before, some 
may hark back to the year 1930 when this principle commenced to draw 
attention through the publications of that outpost of public health,— 
Lymanhurst,—and when the voice of the author was like unto the voice 
of a prophet crying out in the wilderness. 
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THE CALCIFICATION OF EXPERIMENTAL INTRAAB- 
DOMINAL TUBERCULOSIS! 


TOM DOUGLAS SPIES anp W. REECE BERRYHILL 


The association of calcium deposits with healed tuberculous areas has 
long attracted interest. Many workers consider the calcification as the 
end-result of the constructive forces of healing. Others think the cal- 
cium deposition represents a general reaction to necrotic tissue. At 
any rate, all agree that the calcified tuberculous lesions found in the 
natural course of the disease represent a less dangerous focus for further 
dissemination than the noncalcified areas. 

As far as we can ascertain, an experimental method for the calcification 
of tubercles was unknown until recently. Spies (1) produced calcifica- 
tion of acute miliary tuberculosis in rabbits by using large doses of vio- 
sterol. Levaditi and Li (2) found an excess of vitamine D to cause in- 
creased deposition of calcium in the lesions of chronic tuberculous orchitis 
in rabbits. Spies (3) demonstrated that chronic pulmonary tuberculosis 
in these animals undergoes marked calcification in the presence of large 
amounts of vitamine D. Simmonet and Tanret (4) were able, by chemi- 
cal analysis of the lungs of rabbits, to obtain suggestive evidence of an 
association between the calcifying process in pulmonary tuberculosis 
and the presence of vitamine D. Walker and Spies (5) observed that the 
lesions of acute bovine tuberculosis in guinea pigs calcified in the presence 
of excess ergosterol, thus demonstrating that this phenomenon was not 
limited to the lesions of rabbits. Spies and Walker (6) subsequently 
demonstrated that the lesions of bovine tuberculosis were much more 
susceptible to calcification than similar lesions of avian tuberculosis. 

In view of the claimed therapeutic benefits derived from heliotherapy 
and from the administration of codliver oil to patients with chronic 
tuberculous peritonitis, it seemed especially worth while to learn if the 
administration of large doses of vitamine D produced calcification of 
intraibdominal tuberculous lesions. 

The present report deals with the calcification of acute experimental 
bovine tuberculosis in guinea pigs by means of repeated massive doses of 


1 From the Medical Clinic of Lakeside Hospital and the Department of Medicine, Western 


Reserve University, Cleveland, Ohio. 
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viosterol. In order to obviate the spontaneous deposition of calcium 
which sometimes occurs, we produced a rapidly fatal form of the disease 
by the intraperitoneal inoculation of a highly virulent strain of the bacillus 
of bovine tuberculosis. 


MATERIALS AND METHODS 


The 12 guinea pigs used in this experiment were of similar size and 
averaged 400 gm. in weight. They were kept in cages and were fed on 


TABLE 1 
Tuberculous animals receiving viosterol 


CALCIFICATION 


EXPERI- |DURATION NUMBER 
MENT OF MEDI- OF DOSES 
NUMBER | CATION Spleen 


TABLE 2 
Tuberculous controls receiving no ergosterol 


CALCIFICATION 


Liver Spleen | Kidney 


28 
22 
24 
22 


the usual laboratory diet of oats and greens. On the first day of the 
experiment, each of 8 animals received an intraperitoneal injection of 
0.75 cc. of a heavy saline suspension of highly virulent bacilli. Eighteen 
days were allowed for the development of widespread tuberculosis. Then 
a preparation of irradiated ergosterol,? having 10,000 times the antira- 
chitic potency of codliver oil, was administered repeatedly by mouth to 
four of the injected animals. The same preparation of ergosterol was 
administered to the four uninjected animals. Four of the animals with 


2 This preparation was supplied through the courtesy of Mead Johnson & Co. 
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tuberculosis received no ergosterol and served as additional controls. 
The details of dosage are shown in tables 1, 2 and 3. 

All the tuberculous animals were allowed to die and the four nontuber- 
culous controls were killed (see table 3). Tissues from the heart, lungs, 
liver, spleen, kidney, adrenals, aorta, and mesentery were fixed in 10 per 
cent formalin. Celloidin sections of all tissues were stained with haema- 
toxylin and eosin. A few duplicate sections were stained by the silver 
method of von Kossa. Calcium deposits in the tissues were identified by 
their ease of solubility in acid and by the following histological criteria: 
(1) When stained with haematoxylin and eosin the precipitated calcium 
appeared as a reddish-blue, coarsely granular material; (2) after treat- 
ment with a 5 per cent solution of silver nitrate for 30 minutes, washing 
in water and counterstaining for one minute with 0.5 per cent solution of 
basic fuchsin, the calcium masses appeared as a deep brownish-black. 


TABLE 3 
Nontuberculous controls receiving viosterol 


CALCIFICATION 


EXPERI- |DURATION! 
MENT OF MEDI- OF DOSES 
NUMBER | CATION Liver Spleen 


RESULTS 


All animals appeared normal during the first ten days of the experi- 
ment. Then all tuberculous animals rapidly lost weight, and died from 
the twenty-first to twenty-eighth days of the experiment. The average 
duration of life was the same in the series of tuberculous animals, regard- 
less of whether they received viosterol or not. The nontuberculous 
animals that received viosterol gained weight during the course of the 
experiment. 

Pathological Description: The peritoneal cavities and contents of the 
two series of tuberculous animals appeared grossly similar. Free fluid 
was found in two animals of each series. It is worthy of emphasis, 
however, that the livers of the animals receiving viosterol contained 
yellowish-brown areas that were absent in those that did not receive 
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viosterol. The livers of all tuberculous animals contained small, discrete 
tubercles. The spleens were enlarged and soft, and likewise contained 
many small tubercles. A large, firm mass of tuberculous material was 
found in the mesentery and omentum of each animal. These masses 
averaged from 2 to 3 cm. in their greatest dimension. This tuberculous 
material was adherent to the omentum and loops of intestines. The 
heart, lungs, adrenals, and aortae were negative in both groups. 

All organs from the nontuberculous animals, given viosterol, appeared 
normal. 

Microscopic Description: Heart: The heart muscles from the 12 animals 
contained diffusely scattered focal areas of lymphocytes and large mono- 
nuclear cells. Necrosis was absent, and a histological diagnosis of tuber- 
culosis was not possible. 

Lungs: The lungs of the test and control animals appeared essentially 
normal. They contained small focal collections of lymphocytes and large 
mononuclear cells. Necrosis was not demonstrated and a diagnosis of 
tuberculosis could not be made by histological examination. 

Spleen: Small masses of calcium were deposited in a considerable num- 
ber of the tubercles from the tuberculous animals receiving viosterol. 
In contrast to the tubercles undergoing degeneration, the non-necrotic 
tubercles were as a rule free from calcium deposits. A few deposits of 
calcium appeared around the periphery of the tubercles. The paren- 
chyma of the spleen was free from calcification. 

The spleens of the tuberculous and nontuberculous controls were devoid 
of visible calcium. 

Liver: Extensive calcification occurred in the tubercles of the four ani- 
mals that received viosterol. The calcium was deposited within and at 
the periphery of the lesions. The central deposits were associated with 
necrosis or caseation, while the peripheral calcification was observed 
around many non-necrotic tubercles. The parenchymal cells at a 
distance from the tuhercles appeared normal. 

The livers from both series of controls were free from calcium deposits. 

Omentum and Mesentery: Sections of the inflammatory masses showed 
a widespread tuberculous process. Necrosis and vascularization were 
prominent features. In the majority of the tubercles the caseous por- 
tions were calcified. In general, the calcium deposition in the omentum 
paralleled the amount found in the tuberculous lesions in the organs of 
the same animal. 

The masses in the abdominal cavities of the tuberculous animals re- 
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ceiving no ergosterol were devoid of calcium. There were no inflamma- 
tory masses in the peritoneal cavities of the nontuberculous animals 
recelving viosterol. 

Kidneys: The sections of kidneys of all animals were free from tuber- 
cles. However, calcium deposition was marked in the renal tubules, 
particularly the proximal portions, of the tuberculous animals receiving 
viosterol. An occasional small deposit of calcium was observed in the 
arterioles and glomeruli. A considerable number of casts were calcified. 

The series of control animals with tuberculosis had normal kidneys. 


Fic. 1. MIcROPHOTOGRAPH OF LIVER 
Note dark-staining small masses of deposited calcium that are forming within the tuber- 


culous areas. 


The kidneys from the two normal animals receiving the largest doses 
of ergosterol contained an occasional small, insignificant area of calcifi- 
cation in the tubular epithelium. In these animals the glomeruli and 
blood-vessels showed no involvement. The casts of the tubules occasion- 
ally contained deposited calcium. The two control animals that received 
ergosterol in doses more comparable to the test animals exhibited no 
calcification. It is worthy of emphasis that the renal tissues from the 
four control animals calcified a great deal less than the animals with 
tuberculosis. 
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DISCUSSION 


The experiments reported here conclusively demonstrate that repeated 
large doses of activated ergosterol produced calcification of intraab- 
dominal tubercles. These observations are in accord with the previous 
results that tubercles may be calcified by excess irradiated ergosterol 
(1) (2) (3) (4) (9). 

There seems to be an individual difference in the ease of calcifying 
the tissues of the various animals, but in general the more emaciated 
rabbits seem to be the most susceptible to calcification. Also the period 
of medication must be considered in evaluating the degree of calcification. 
In general, the animals surving the longest received more viosterol and 
exhibited a greater deposition of calcium. It is noteworthy that the 
renal tubules from the tuberculous animals that received viosterol con- 
tained infinitely more deposited calcium than the tubules from the kid- 
neys of nontuberculous animals that received larger doses of viosterol. 
This suggests that there is some underlying factor associated with the 
tuberculous process which affects calcium metabolism. The tuber- 
culous animals that received no viosterol were free from calcium deposits. 

We have previously described the calcium deposits to be located 
principally in the necrotic portions of the tubercles. This calcification 
is probably not specific for tuberculosis. The areas of calcium deposition 
may possibly represent a constructive portion of the general reaction 
to the damaged tissue. 

Crimm (7) has recently found that irradiated ergosterol maintains a 
concentration of calcium and phosphorus in the human blood-serum 
higher than the normal without harmful effects. The doses of viosterol 
employed in our experiment are probably toxic to the animals. The 
experimental tuberculosis, however, which we produced is much more 
acute and extensive than the usual clinical forms of this disease encoun- 
tered in man. After considering all factors we feel that carefully regu- 
lated administration of vitamine D may prove beneficial in intraabdominal 


tuberculosis. 


SUMMARY AND CONCLUSIONS 


1. The administration of repeated large doses of viosterol to guinea 
pigs, following intraperitoneal inoculation of tubercle bacilli, caused 
calcification of many tubercles. 

2. The calcium was deposited in the renal tissues of the tuberculous 
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animals to a much more marked degree than in the kidneys of normal 
animals receiving still larger doses of viosterol. This suggests that there 
may be some underlying factor which is related to the tuberculous proc- 
ess and affecting calcium metabolism. 

3. It is suggested that a diet high in vitamine D might be beneficial 
in intraperitoneal tuberculosis. 
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OBSERVATIONS ON THE RED-CELL SEDIMENTATION 
TEST IN PULMONARY TUBERCULOSIS ':? 


JACOB KAMINSKY anp DORIS L. DAVIDSON 


A number of workers in tuberculosis consider the red-cell sedimentation 
test a valuable addition to our objective criteria for judging activity in 
this disease. Some observers have claimed that the sedimentation test 
is the most valuable single means for estimating activity in pulmonary 
tuberculosis. Its prognostic value is emphasized by no less a clinician 
than Leon Bernard (1), who recently stated that, admitting we cannot 
base a prognosis on one reaction, yet, of all the reactions that have been 
advanced, the sedimentation test is probably the one which offers the best 
guarantee and security in prognosis. This author points to the very 
interesting results which have been observed and published on the 
sedimentation reaction and he urges its wider application. Judging 
from the scarcity of reports on the sedimentation test in tuberculosis 
from American clinics, it would seem that the test has not as yet 
gained wide acceptance here. We report our observations with the idea 
that they might prove of some interest in the evaluation of this test. 


METHOD AND OBSERVATIONS 


We have used the red-cell sedimentation test during the past 12 months 
at the Rutland State Sanatorium. Over 1,200 tests were done ina series 
of 500 cases. These included a group of 48 nontuberculous subjects, 442 
tuberculous patients and 10 patients with pulmonary affections other 
than tuberculosis. The latter group consisted of 5 cases with chronic 
bronchiectasis, 3 with chronic lung abscess, one with cancer of the lung, 
and one with carcinoma of a bronchus. The entire series included 269 
men and 231 women, and their ages ranged from 16 to 76. 


1From the Rutland State Sanatorium, Rutland, Massachusetts. 

2 Read at a meeting of the Eastern Section of the American Sanatorium Association, 
Mount McGregor, New York, October 16, 1931. 

We wish to express our appreciation to Dr. Ernest B. Emerson and the other members of 
the Medical Staff for their interest and codperation which was very helpful to us in carrying 
out this investigation. Acknowledgment is also made to Miss Marcelle Ducot, laboratory 
technician, and to Ralph S. Emerson, voluntary laboratory assistant, for much valuable 
technical assistance. 
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Cutler’s graphic method was used (2). All blood specimens were 
obtained between the hours of 9:30 and 11:30 a.m. and the test was 
always completed by 12:30 p.m. Readings were taken every 5 minutes 
during one hour and the results were charted in graphic form. 

When the sedimentation values obtained in the different types of 
cases are charted, four distinct graphs are obtained. Cutler named these 
graphs horizontal line, diagonal line, diagonal curve and vertical curve. 
The clinical condition corresponding to each of these graphs is given by 
this author as follows: The horizontal line denotes a normal condition or 
absolute quiescence; the diagonal line, quiescence; the diagonal curve 
slight to moderate activity; and the vertical curve moderate to marked ac- 
tivity. With this method two other factors in addition to the graph are 
determined, the sedimentation index and the sedimentation time. The 
sedimentation index represents the total sedimentation of red cells at 
the end of sixty minutes and as expressed in millimetres. The normal 
sedimentation index for healthy men is given as varying from 2 to 8 
mm.; the normal sedimentation index for healthy women varies from 2 
to10mm. The sedimentation index becomes higher under pathological 
conditions and is directly proportional to the severity of the disease. 
The sedimentation time is noted only in cases with rapid erythrocyte 
sedimentation velocity (instances in which the graph takes the form of a 
diagonal or vertical curve). In such cases there occurs at some period 
during the course of the first hour a definite slowing of the sedimentation 
velocity, so that the erythrocytes settle only 1 mm. or less in a period of 
five minutes. The first time this occurs determines the sedimentation 
time. At this point the erythrocytes are closely packed together, and 
further settling of the mass of red cells proceeds very slowly. The sedi- 
mentation time is inversely proportional to the severity of the disease. 

From his experience with longer time-observations of the sedimentation 
reaction, Cutler concluded that nothing can be gained by making obser- 
vations after the sixty-minute period. In 60 cases in our series readings 
were taken every five minutes during the first and second hours, and in 45 
of the cases readings were also taken every hour for the next eight hours 
and a final reading at the end of 24 hours. Our results, likewise, led us to 
the conclusion that the most significant phenomena of the sedimentation 
test occur during the first hour and that very little can be gained by 
observations beyond that period. 

A number of theories were advanced to explain the phenomena under- 
lying the red-cell sedimentation test. Excellent reviews of this phase 
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velocity 
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as well as of the subject of the sedimentation test in general, will be 
found in the articles by Levinson (3), Fischel (4), and Peterman (5). 
Changes in the relative protein composition of the blood, particularly 
an increase in fibrinogen which is found in many inflammatory and 
destructive diseases, were considered by some observers as responsible for 
the increased speed of the red-cell sedimentation. 
have called attention to variations in number, size and haemoglobin 
content of the red cells as possible factors influencing the erythrocyte 
sedimentation velocity. In 92 cases of our series red-cell counts and 
haemoglobin determinations were done along with the red-cell sedimen- 


Other investigators 


Showing relationship of number of erythrocytes and haemoglobin content to the sedimentation 
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ABOVE 
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0.8 AND ABOVE 


Group 1 
Graph: horizontal 
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68.1% 


Group 2 
Graph: diagonal line. 
tation index, 103-18 


Sedimen- 


21 
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52.3% 
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42.8% 


11 
52.3% 


Group 3 
Graph: diagonal 
mentation time, 35-60 


curve. 


Sedi- 


30 


14 
46.6% 


5 
16.6% 


10 
, 33.3% 


Group 4 
Graph: vertical curve. 
tation time, 20-30 


Sedimen- 


19 


57.8% 


6 
31.5% 


5 
26.3% 


tation tests. 


(table 1). 


values. 


The three tests were done simultaneously on the same 
sample of blood drawn from a vein. The results were studied with a 
view to determine the influence of variation in the number of red cor- 
puscles and haemoglobin values on the sedimentation speed. 

The 92 cases were grouped according to their sedimentation velocities 
Group 1 consisted of cases with normal sedimentation values. 
All the cases in the other three groups had abnormal sedimentation 
The sedimentation velocity in some of the cases in group 2 
was fairly rapid, but sedimentation was not completed in any of them 
during the sixty-minute observation period. In group 3 sedimentation 
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was practically completed in all instances in one hour, and in group 4 
the sedimentation time was even much shorter and ranged between 30 
and 20 minutes. The red-cell counts in the entire series ranged between 
4,150,000 to 5,990,000; the haemoglobin, between 8.27 and 17.40 gm.; 
and the color index between 0.5 and 1.4. The largest percentage of 
higher counts was obtained in group 1, and there was little difference in 
the relative frequency of higher red-cell counts in the other three groups. 
Attention is invited to the red-cell counts in group 4. The cases in this 
group showed very rapid sedimentation velocities, but 52.2 per cent of 
them, nevertheless, had red-cell counts of 5 million or above. The largest 
percentage of higher haemoglobin values was found in group 1 and the 
smallest in group 3. The largest percentage of cases with a high color 
index was obtained in group 1. There was some decline in the cases 
with a high color index in group 2 and a more marked drop in these 
figures in groups 3 and 4. These results tend to indicate that there is 
little or no relationship between a diminution in the number of red cells 
and the sedimentation speed. A low color index, on the other hand, 
seems to accompany a rapid sedimentation velocity. 

It should be added, however, that a very low red-cell count might 
affect the sedimentation speed, but it seems that the number of red cells 
has to fall to a much lower level than that obtained in our series. Our 
observation on a case of pulmonary tuberculosis complicated by per- 
nicious anaemia might serve to illustrate this point. This patient had 
a minimal pulmonary lesion and on admission showed a red-cell count of 
1,040,000, haemoglobin of 35 per cent and a sedimentation index of 
39% (chart 1). Her pulmonary condition could not account for such a 
high sedimentation index. This patient responded well to liver-extract 
therapy, and a red-cell sedimentation test done a month later showed a 
sedimentation index of 6. The red-cell count was 3,320,000 and the 
haemoglobin 60 per cent. The influence of the change in the number of 
erythrocytes on the sedimentation speed was quite apparent. A sedi- 
mentation test done 18 days later gave an index of 14 along with a red- 
cell count of 4,030,000 and haemologbin 70 per cent: and sedimentation 
tests done subsequently during the months from November, 1930, to 
August, 1931, gave normal values throughout, with the red-cell counts 
varying between 4,000,000 and 4,880,000 and haemoglobin range of 75 
to 80 per cent (chart 1). 

The results of the red-cell sedimentation tests in a group of 48 normal 
individuals are presented in table 2. 
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The sedimentation index for the men ranged from 12 to 10}, with an 
average of 4.5; the sedimentation index for the women ranged from 532 
to 112, with an average of 9.15. 
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The results of the red-cell sedimentation test in the tuberculosis group 
were studied with a view to determine the relation between the sedimen- 
tation velocity and the activity and extent of the disease. 
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The series of 431 patients with pulmonary tuberculosis were divided 
into four groups according to their sedimentation-test graphs (table 3) 
and the relative frequency of elevations of pulse and temperature, posi- 


TABLE 2 
Showing red-cell sedimentation values in normal individuals 


GRAPH GRAPH 
SEDIMENTA- ie SEDIMENTA- 
Horizontal | Diagonal | Horizontal | Diagonal | TON 'NDEX 

line line line line 


Age 
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tive sputa, signs of cavity, and substandard weight in these groups was 


noted. 
Analysis of the results in table 3 shows a definite influence of activity 
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of the lesion on the sedimentation velocity. An increased sedimentation 
speed is followed by a greater frequency of some or all of the objective 
signs. A considerable rise in the objective signs is seen in group 2, and a 
further rise in group 3. The latter group shows an increase of 34.6 per 
cent of cases with cavity-formation, of 38.1 per cent with positive sputa, 
of 22.11 per cent with pulse elevations, and of 31.4 per cent with eleva- 


TABLE 3 


Showing relative frequency of some objective signs in a series of 431 cases with pulmonary 
tuberculosis, grouped according to their respective sedimentation graphs 


NUMBER POSI- PULSE 
CLASSIFICATION ON ADMISSION OF TIVE . | (90 or 


(N. T. A.) CASES SPUTUM ABOVE) 
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tions of temperature above that in group 2. Group 4, which included 
cases with most rapid sedimentation velocity, gave the highest percentage 
of signs of activity; the ratio of cases with cavity-formation increased to 
75.3 per cent and those with positive sputa to 92.3 per cent; those with 
elevations of temperature to 50.7 per cent, and those with pulse eleva- 
tions to 53.8 per cent. 
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The results in table 3 show that a positive sputum is the most frequent 
accompaniment of rapid sedimentation speed; cavity-formation ranks 
second in frequency, whereas elevations of pulse and temperature are 
relatively less frequent. The incidence of substandard weight was quite 
high in the groups with rapid sedimentation values. But it will be 
noticed that the groups with less rapid sedimentation velocities also 
showed a fairly high percentage of cases with substandard weight. 

The presence of a large percentage of patients, who are afebrile and 
without pulse elevations in the group with rapid sedimentation velocities, 
is of considerable interest and tends to direct attention to the fact that 
the sedimentation test is a more delicate indicator of activity than tem- 
perature and pulse-rate. That many of these patients, though afebrile 
and with no pulse elevations, harbor lesions with some degree of activity, 
is evidenced by the presence of positive sputum and cavitation in the 
lungs in so many instances. The sedimentation test, inasmuch as it 
reflects the state of the blood as affected by the products of tissue destruc- 
tion, reveals activity even of a degree not enough to affect the tem- 
perature or pulse. 

It will be noticed in table 3 that the percentage of minimal cases 
rapidly declines as we proceed from group 1 to group 4, and to a lesser 
degree the same may be seen to occur with moderately advanced cases, 
whereas in the far-advanced cases the reverse takes place. The per- 
centage of far-advanced cases rises from 22 in group 1 to 77 in group 4. 
Further analysis of these figures, however, shows that the activity of the 
process rather than the mere extent of the anatomical involvement is the 
important factor. A large majority of the far-advanced cases harbor 
active disease, as shown by the great frequency of signs of cavity, positive 
sputa, and particularly pulse and temperature elevations. It is not at 
all surprising that the far-advanced cases constitute 66 per cent in the 
group with diagonal-curve graphs and 77 per cent in the group with 
vertical-curve graphs. On the other hand, a considerable number of 
far-advanced cases with quiescent lesions is found in the group with 
horizontal lines alongside with minimal cases. 

Freund (6) and more recently Banyai (7) reported normal sedimen- 
tation values in patients with active pulmonary tuberculosis. In our 
series we met with but one instance in which a seemingly active case 
showed a normal sedimentation graph. However, the graphs obtained 
in 5 subsequent sedimentation tests done during the following eight 
months were all abnormal. Of the other 80 patients who showed normal 
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sedimentation values, some had little activity on admission and most of 
the others received prolonged and effective treatment. They were all 
considered clinically quiescent at the time the sedimentation tests were 
done and the results were in accord practically in all instances with the 
clinical picture. 

During the course of this investigation 20 of the patients, whose red- 
cell sedimentation velocities were determined, died at the institution. 
In four of these patients, the sedimentation tests, done within a month 
before death, showed slower velocities than in the tests taken in the pre- 
ceding months. The changes in the graphs in one case were particularly 
striking. This was of a patient who on admission in November, 1930, 
showed marked involvement of the right lung with cavity-formation. 
The left upper lobe likewise showed some infiltration. Artificial pneu- 
mothorax was instituted on the right, but it was ineffective. The cavi- 
ties remained open, cough was distressing, there was frequent nausea and 
vomiting, and temperature and pulse were elevated. In June a pleural 
effusion developed. The patient was very ill. The pneumothorax was 
discontinued. In August oedema of the extremities and face appeared, 
the temperature and pulse were high, and nausea and vomiting were more 
frequent. The patient died September 3. 

The first sedimentation test was done before the artificial-pneumo- 
thorax treatment was begun. The sedimentation tests done during the 
course of treatment showed no improvement. The graphs in the last 
two tests showed a tendency to straighten, and the test done four days 
before death showed a marked slowing of the sedimentation velocity; 
the graph was a diagonal line with a sedimentation index of 125 (chart 2). 

Other workers have noted a slowing of the sedimentation velocity 
ante mortem (8). Asa possible explanation of this phenomenon we wish 
to call attention to the cardiorenal failure noted toward the end in many 
tuberculosis patients. The consequent changes in the consistence of the 
blood plasma might possibly be responsible for the slowing of the sedi- 
mentation speed. In all of our patients who showed a slowing of the 
sedimentation in their last tests, some degree of cardiorenal failure was 
noted and in the last case this was particularly marked. 

It should be added that, aside from what may be termed paradoxical 
slowing of the sedimentation as cited above, we met with no other in- 
stances in which a sedimentation graph should on repeated tests turn to 
normal in the presence of elevation of pulse and temperature or signs of 
retrogression generally. 
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The nonspecificity of the red-cell sedimentation test is well established, 
and the claims made for its value in tuberculosis find their main justifica- 
tion in its réle as an indicator of activity. Repeated at frequent intervals 


Case na “ArtiVicial pné 


in minutes 
25 35 #0 


Sed/nentation Vn milli 


Nov. & °30 
Jan 8 °3! 
Mar. °3/ 
May 7°31 
July 7 
Aug 2973! Sept. 3°31 


CHART 2 


the sedimentation test yields valuable information as to the progress of 
the disease and serves to estimate effectiveness of routine and special 
forms of treatment. In our series repeated tests were carried-out in a 
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group of 184 patients for periods ranging from 4 to 12 months. Sixty-four 
of this group were on routine sanatorium treatment; 81 were treated by 
artificial pneumothorax (in 7 of the pneumothorax cases, bilateral com- 
pression was being maintained); 26 had a phrenicectomy; in 13 extra- 
pleural thoracoplasty was performed, and one patient had an apicolysis 
operation. We found that in the greatest majority of cases there was a 
very close agreement between the clinical findings and sedimentation 
rate. Improvement in a patient’s condition was usually followed by a 
drop in the sedimentation velocity; in stationary or progressing cases, the 
sedimentation speed was either stationary or increased. : 

To illustrate the variations in the sinking velocity of the red cells in 
the different types of patients, a few case reports, including the sedi- 
mentation graphs, are presented. 

Chart 3 shows a series of 7 sedimentation graphs on a far-advanced 
case of pulmonary tuberculosis that improved remarkably under pro- 
longed bed-rest. 


This patient (a young man, age 18) came to the Sanatorium in March, 1929, with 
widespread involvement throughout both lungs, which was particularly marked 
in the middle third of the left and upper half of the right lung. He had night- 
sweats for three months before admission. Temperature ranged between 
98°-100°, pulse between 72-98. There was considerable cough; expectoration 
2-3 ounces in 24 hours. Sputum positive. Weight 263 pounds below the 
average normal. Following 19 months on bed-rest general condition im- 
proved markedly. Gained 40 pounds; temperature and pulse within normal 
limits; cough entirely disappeared; expectoration reduced to one dram in 24 
hours. The sputum, after being persistently positive for first 13 months, 
turned negative and remained so for 10 months, but was positive again in 
June and August, 1931. X-ray showed much fibrosis, infiltration and cavity- 
formation. 

The patient was given a guarded prognosis on admission, which was not 
entirely substantiated by the clinical course in this case. 


The sedimentation tests in this case were done during the period when 
improvement was well under way (October, 1930-August, 1931). All 
but one of the graphs were horizontal lines and the sedimentation index 
is somewhat above normal in six out of seven tests. Both the clinical 
and sedimentation-test findings seem to point to a quiescent lesion. 
Attention is invited to the fluctuations in the sedimentation values, 
particularly the rise in the sedimentation index in the last three tests 
(April sedimentation index 63; June sedimentation index 10; August 
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sedimentation index 123). We believe that these differences, though 
not marked, are of much prognostic significance in this type of a case. 
They indicate an unstable lesion with potentialities for a possible flare- 


Case no. 


Time in minutes 


Routine treatment” 


Sedimentation ¥n millimeters 


Oct. 24°30 
Dec. 12°30 
Feb 13°31! 
Mar. 10'31 
Abr. 14 '3/ 


Junei} *3/ 
Aug 13°31! 


3 


up. The presence of cavitation and the occasional positive sputum hold 
out such possibilities in spite of the patient’s excellent general condition. 
It would seem, therefore, that sedimentation tests repeated at frequent 
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intervals should be of distinct value in the management of this case and 
any further increase in the sedimentation should be looked upon as a 
warning that a breakdown is imminent. 


Case na Routine treatment” 


tation in millimeters 


| 


Oc? 24'30 
Dee. /2°3 
Feb 13°3/ 
Apr. /4°31 

Aug 


CuHart 4 


Chart 4 shows a series of 6 sedimentation graphs in a patient with far- 
advanced pulmonary tuberculosis, who, like the first case, has also 
made excellent progress on prolonged sanatorium treatment. 
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This patient is a man, aged 19, who came to the Sanatorium in May, 1928, 
complaining of cough, expectoration and shortness of breath. He had night- 
sweats two months before admission. Haemoptysis occurred six weeks be- 
fore admission. Sputum positive. Temperature within normal limits, but 
pulse ranged between 72 and 96. Weight 19 pounds below average normal. 
X-ray showed extensive infiltration throughout both lungs, more marked on 
the right. Calcifications noted in both apices. Following 25 months on bed- 
rest, patient showed marked improvement. Cough had entirely disappeared; 
sputum greatly diminished in amount and was positive but once during the 
past two years (May 15, 1931). Gained 293 pounds. X-ray showed some 
clearing of the lesion with an increase of calcifications. At the writing of this 
report (August, 1931) patient is working part time as a barber and is ready for 
discharge from the sanatorium. 


The clinical improvement in the case under discussion is quite similar, 
in part, to that of the preceding case. But, whereas a tendency to- 
ward cavity-formation was in evidence in the former, in the latter fibrosis 
and calcifications are outstanding features. The difference in the nature 
of the lesions in the two instances is likewise reflected in their respective 
sedimentation charts. In the first case there is considerable fluctuation 
of the sedimentation values, the graph showing a downward trend; in 
the second case, on the other hand, all graphs are normal and, whatever 
the variation they show, the trend is in the upward direction. The 
sedimentation tests in this case were done when quiescence of the lesion 
was clinically well established. The series of sedimentation tests cor- 
roborate the judgment gained by clinical and X-ray observation, namely, 
that the patient is holding well what he has gained. The value of further 
periodic sedimentation tests in conjunction with clinical check-ups in 
this case is quite obvious. 

Chart 5 shows six sedimentation graphs on a far-advanced case of 
pulmonary tuberculosis, that is now on a downward course. 


This patient is a man 21 years old. Was at Sanatorium from July, 1926, to 
March, 1929, and was readmitted in August, 1929. At this time had exten- 
sive involvement in upper two-thirds of left lung and upper half of right. An 
annular shadow noted below left clavicle. Sputum positive. Temperature 
within normal limits and pulse between 100 and 110. Following a year on 
all-day bed-rest, general condition showed some improvement, and patient 
was allowed dining-room privileges. Four months later (January, 1931) was 
returned to bed. This done primarily because of facial infection. This 
cleared up in about two weeks, but patient began to have streaked sputum 
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frequently, cough became troublesome, and expectoration increased. In 
February, 1931, X-ray showed multiple cavitation in right upper lobe and 
below left clavicle. Patient’s condition shows a steady decline and the prog- 
nosis is very poor. 


Case na ‘Routine treatment” 


e in minutes 


35 


in millimeters 


Noy 8 ‘30 
Dec 12°30 
Feb 13°31 
Apr. 21°31 
-| June/? °3/ 
Aug 13 °3) 


Cuart 5 


The first sedimentation test was done when the patient was at his 
best, so to speak. It will be noted that the first sedimentation graph 
differs considerably from the others in the chart. It is a diagonal curve 
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and the sedimentation time is the least rapid (sedimentation time 40). 
All subsequent graphs are, on the other hand, vertical curves and the 
sedimentation time ranges between 20 and 30. The rapid sedimentation 


Case na “Phrenicectomy” 


ime in minut 


Sedimentation \in millimeters 


es, 


Nov. /9'30 
Jan 16°31 
Mar 16°3/ 
May 14°31 
J/une22'3/ 
Aug. 6 °3/ 


CHART 6 


velocity in the series of tests points to an active destructive process and 
this is in accord with the clinical and X-ray findings. 
Chart 6 shows a series of sedimentation graphs in a patient with mod- 
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erately advanced unilateral pulmonary tuberculosis, who improved 
well on routine sanatorium treatment and a right phrenicoexairesis, but 
who later had an exacerbation of his trouble. 


This patient is a man aged 28. Admitted to Sanatorium in November, 1929, 
with complaints of cough, expectoration, fatigue and night-sweats. Small 
haemoptysis in June, 1929. Temperature and pulse within normal limits; 
sputum positive. X-ray showed upper half of right lung heavily infiltrated 
and fibrosed. Artificial pneumothorax attempted, but unsuccessful. Right 
phrenicectomy performed in March, 1930. Patient made good progress. 
Sputum greatly diminished and turned negative. Cough very slight. Gained 
53 pounds. Question of thoracoplasty raised but, in view of patient’s excel- 


lent condition, no haste was made. 
From May, 1927, to June 15, 1931, patient had elevations of temperature 


(99.2° to 99.4°), and pulse was above 90 on one occasion. Patient began to 
cough more, and there was marked increase in expectoration. (Tubercle 
bacilli reappeared in sputum in February, 1931.) Cavity with fluid-level 
noted on June 13. Following a few weeks on all-day bed-rest, cough and 
expectoration have diminished again. Patient now awaiting the once-before 


contemplated thoracoplasty. 


The first three sedimentation tests were done while the patient was 
in excellent condition, being ambulatory and on exercise. The graphs 
were normal. The fourth test was done 13 days before the exacerba- 
tion became demonstrable. The sedimentation index was still within 
normal limits. The oncoming trouble was not predicted by this re- 
action. The fifth test was done about a month after the onset of symp- 
toms. The graph was decidedly abnormal. There was a marked in- 
crease in sedimentation velocity, the sedimentation time falling to 40. 
The last two graphs were abnormal; and one is a diagonal curve. They 
indicate that the lesion is not yet under control. 

Chart 7 shows a series of 4 graphs in a patient with far-advanced active 
bilateral pulmonary tuberculosis in whom unilateral artificial pneumo- 
thorax proved ineffective. This treatment was instituted as a last-resort 
measure with the hope of collapsing some cavities. The left upper lobe, 
where cavities were most in evidence, failed to collapse. One cavity 
remained open and, after 4 months of treatment, the patient showed no 
improvement. 

The first sedimentation test was done 25 days before the pneumothorax 
treatment was begun. The graph is a vertical curve and the sedimen- 
tation time is 25 minutes. The sedimentation test done during the course 
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of treatment showed no better results. The graphs were all vertical 
curves and the sedimentation time ranged between 25 and 30 minutes. 
Chart 8 shows a series of 6 sedimentation graphs in a patient (male 


Case na “Artificial pneumothorax” 


ne in minutes 
3lo 


Sedimentation millimeters 


Mar. 31°31 
May 15 
July 7°3! 
Aug, 29°31! 


Cuart 7 


age 24) with moderately advanced pulmonary tuberculosis who made 
very good progress on artificial pneumothorax therapy. The sedimen- 
tation tests were begun 20 months after the institution of artificial 
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pneumothorax. At this time the patient’s condition was excellent. 
His cough had entirely disappeared; sputum had diminished from 
one ounce to one-half dram in 24 hours, and was negative for 19 


Case na “Artificial pneumothorax” | 


Time in minutes 


in millimeters 


| Oct 29°30 
Dec. 10 '30 
Feb 13°31 
Apr. /#°31 

Aug 15°31 


Caart 8 


months. The patient was ambulatory and on exercise. From the 
clinical standpoint no better results could be expected. Yet a glance 
at the chart will show that, at the time the first sedimentation test 
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was done, the patient had not yet reached his maximum improvement. 
The first graph still indicates some absorption of products of tissue 
destruction. During the following 10 months the. graph straightened 


Case na “artifycial pneamothorax” | 


in minut 


NS 
> 


Sedimentation \in millimeters 


| Aug 29 '30 
OcT. 29°30 
Dec. 12°39 
Feb /6'3! 
Apr. 
June/2°3/ 
Aug 13°31 


Cuart 9 


out and the sedimentation index reached the low figure of 3. The results 
of this series of sedimentation tests give us greater assurance that the 
lesion is now well under control. The sedimentation test therefore sup- 
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plied us information which we would not have obtained otherwise. 
This patient has been receiving artificial pneumothorax for over 23 
years. The question of reéxpanding the compressed lung will sooner 
or later arise. It would seem advisable to maintain compression in this 
type of case for a considerable period after the normal stability of the 
blood has reéstablished itself as demonstrated by a series of normal sedi- 
mentation graphs. Thevalue of repeated tests during the period in which 
the lung is allowed to reéxpand is quite obvious. 

Chart 9 shows a series of sedimentation graphs in a patient with 
moderately advanced pulmonary tuberculosis receiving artificial-pneu- 
mothorax treatment. 


This patient was a man, age 22, who was admitted to the sanatorium in July, 
1930. His entrance complaints were cough, expectoration, and loss of weight. 
Haemoptysis occurred in March, April and June, 1930. Sputum positive. 
X-rays showed infiltration in upper half of both lungs. Clinical signs more 
marked on left. Artificial pneumothorax instituted on left August 16, 1930. 
Partial collapse obtained. Patient on all-day bed-rest for 7 months. General 
condition much improved. Sputum negative since September, 1930. No 
rales heard on right. Few rales still heard over left apex. 


Sedimentation tests were done during the period August, 1930, to August, 
1931. The first sedimentation test was done two weeks after pneumo- 
thorax was begun. The first two tests show a rapid sedimentation veloc- 
ity. In the subsequent tests, the speed was markedly decreased. The 
graphs were horizontal or diagonal lines. This was in accord with the 
clinical course of the case. It will be noticed, however, that the graphs 
show fairly wide fluctuations and a downward trend. Apparently the 
lesion is not entirely quiescent. In an evaluation of the results of the 
pneumothorax treatment, this chart is very helpful. Fluctuations such 
as seen on this chart should serve as a contraindication to exercise. 


SUMMARY AND CONCLUSIONS 


1. The results of the red-cell sedimentation test in a series of 500 
cases are reported. 

2. No definite relationship could be established between variations in 
the number of red cells and the sedimentation speed. (Red-cell counts 
and sedimentation tests were done in a group of 92 cases and the number 
of red cells ranged from 4,150,000 to 5,990,000.) A low color index was 
found to accompany a rapid sedimentation velocity. 


| 
if 
| 
| 
if 


RED-CELL SEDIMENTATION TEST 303 


3. In 48 normal individuals the sedimentation index ranged from 13 to 
10}, with an average of 4.5 for the men, and from 53 to 113, with an 
average of 9.15 for the women. 

4. There is a close parallelism between activity of the lesion and the 
sedimentation rate in pulmonary tuberculosis. The group of patients, 
whose sedimentation graphs were horizontal lines, showed the lowest 
incidence of positive sputa, cavity-formation, pulse and temperature 
elevations and substandard weight. The group of patients, whose sedi- 
mentation-test graphs were vertical curves, showed the highest incidence 
of objective signs of activity. 

5. There were no cases with active pulmonary tuberculosis showing 
normal sedimentation values on repeated tests. ‘There was one instance 
in which a seemingly active case showed a normal sedimentation graph, 
but the graphs obtained in 5 subsequent sedimentation tests done during 
the following eight months were all abnormal. 

6. In four patients who died at the institution, the sedimentation tests 
done within a month before death showed slower sinking velocities than 
the tests taken in the preceding months. 

7. The sedimentation test is of considerable value as an indicator of 
activity. A single determination may be of some help in appraising a 


case of pulmonary tuberculosis, and repeated tests may furnish much 
additional information as to the progress of the case and serve to estimate 
effectiveness of treatment. 
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LEUCOCYTIC CHANGES IN CHILDREN VACCINATED WITH 
THE BACILLUS CALMETTE-GUERIN! 


VERA B. DOLGOPOL anp RICHARD H. STITT 


The experimental studies of Sabin and her coworkers demonstrated 
that there is a definite relationship between the course of a tuberculous 
infection and the changes in the white blood cells of the peripheral 
circulation. 

Cunningham, Sabin, Sugiyama and Kindwall (1) made blood counts 
at frequent intervals on rabbits that had been infected with massive 
doses of bovine tubercle bacilli. The animals were killed at different 
stages of the tuberculous infection, and the pathological findings were 
correlated with curves that were plotted from the blood counts. These 
authors found that during a massive infection with tubercle bacilli (1) 
there is an increase in the absolute number and in the percentage of 
monocytes per 1 cmm. of the blood; (2) the number of lymphocytes 
diminishes and may sometimes drop below the number of monocytes, 
resulting in reversal of the ratio of monocytes to lymphocytes; and (3) 
a leucopoenia is established as the disease becomes chronic, if the process 
is not complicated by secondary infections. 

Another important fact in regard to the blood picture in tuberculosis 
was pointed out by Murphy (2) who showed that in both experimental 
and clinical tuberculosis a high lymphocytosis is a manifestation of a high 
resistance. 

Since the introduction of the Calmette method of vaccination with an 
attenuated strain of bovine tubercle bacilli, an opportunity has been 
afforded to study the effects of a mild experimental tuberculous infection 
on the white blood cells of the peripheral circulation in human beings. 

Several workers began independently to follow up the blood picture 
in children vaccinated with the Bacillus Calmette-Guérin, in order to 
investigate the leucocytic response to this infection. 

Boer (3) made his haematological studies on 9 children inoculated by 

1 From the Pediatric Service of Dr. Béla Schick, and from the Pathological Laboratories, 
Sea View Hospital, Staten Island, New York. Part of the research work on preventive 


immunization against tuberculosis being conducted on a grant from the Metropolitan Life 


Insurance Company. 
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the subcutaneous method, and ranging from 3 to 10 months of age. The 
changes in the blood picture in his cases were insignificant. He attrib- 
uted the paucity of the cellular response to the low degree of infection 
which was induced by the attenuated virulence of the Bacillus Calmette- 
Guérin. 

Pittaluga and Garcia (4) had under their observation 100 newborn chil- 
dren vaccinated by the oral method. From four to seven counts were 
made on each child over a period of from three to eight weeks. These au- 
thors observed the following leucocytic reaction: (1) an early increase in the 
number of monocytes appeared on the fifth to sixth day; (2) in the second 
to fourth week after vaccination there was a rise in the number of mono- 
cytes to 15 or 16 per cent of the total white cell count; (3) an increase in 
the number of lymphocytes and diminution of the number of granulocytes 
were eventually established. ‘Theseauthors consider the final high lymph- 
ocytosis as a favorable sign. They think that the cellular reactions of 
the blood may serve as evidence of the immunizing process in the absence 
and before the tuberculin reaction makes its appearance. 

Doan and Moore (5) made repeated blood counts on two children, 
vaccinated intracutaneously with the Bacillus Calmette-Guérin, for the 
periods of 3 and 3} months. The figures for the various blood cells were 
found to be within the normal variations for young children. The curves 
plotted from these figures did not show any definite trend. 

The present investigation was made on children from the BCG ward 
of Sea View Hospital. The vaccinations with the Bacillus Calmette- 
Guérin in this ward are conducted by Dr. William H. Park, Dr. Camille 
Kereszturi and Dr. Béla Schick; the full report of their work is the sub- 
ject of separate publications.? 

The present report is based on observations made on 37 children vac- 
cinated with the Bacillus Calmette-Guérin. The children were vac- 
cinated by three methods, oral, subcutaneous, and intracutaneous; their 
ages at the time of vaccination varied from a few days to 5 years and 8 
months. After vaccination the children were under observation from 
1 to 13 months. 

METHOD 


The blood for the counts was collected between 10 A.m. and 11 A.M. 
Before the vaccination a few blood counts were made on each child in 
2 Amer. Rev. Tuberc., 1929, xx, no. 3; Ann. |’Inst. Past., 1929, xliii, 819; Amer. J. Dis. 


Child., 1932, xliii, 273; Rapports et documents sur la vaccination préventive contre la 
tuberculose, Inst. Past., 1932, pp. 150-179. 
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order to establish the normal figures for each case. In the first 8 cases 
under observation one preliminary count was made; in others from 2 to 
15 preliminary blood counts were made. In 12 cases the blood counts 
were made three times a day (at 10 A.M., 2 p.m. and 4 p.m.) for three 
days before the vaccination, and for four consecutive days following the 
vaccination. The subsequent blood counts were made on all children 
between 10 and 11 A.M., twice a week up to 5 months, and then once a 
week. All total counts were made by one of us (R. S.); the differential 
counts were made by either of us. The differential counts were made 
from slide films stained by the Wright method. Two hundred white 
blood cells were counted; if the percentages of the various céllsin each 100 
cells showed a considerable discrepancy, the count was continued up to 
300 or 400 cells. The figures for the absolute number of the various cells 
in 1 cmm. of blood were calculated, and plotted into curves which were 
correlated with the clinical picture (weight, temperature, intercurrent 
infections) and with the serological reactions (sensitiveness to tuberculin). 

Monocyte-lymphocyte ratios were calculated for the days showing 
approximation of the number of these cells; the M:L ratio obtained from 
the preliminary counts of 15 children, and from 5 normal babies observed 
over a period from 4 to 7 weeks, never exceeded 0.2, usually being 0.1 
or less. 

The purpose of this investigation was to see whether there was any 
relation of the clinical manifestations and serological reactions to the 
blood picture, particularly to the total leucocyte count, and to the abso- 
lute number of monocytes and lymphocytes in 1 cmm. of blood. 

The observations were made on 37 children. Six of them were vac- 
cinated by the oral method, fourteen subcutaneously, and sixteen by the 
intracutaneous method. Three children that were vaccinated intracu- 
taneously, and one child not belonging to the above 36 cases, but vacci- 
nated orally at a previous date, were revaccinated by the intracutane- 
ous method. 


LEUCOCYTIC REACTIONS OBSERVED IN CHILDREN VACCINATED BY THE 
ORAL METHOD 


The most pronounced fluctuations of the leucocytic picture were ob- 
served in the children vaccinated by the oral method. The children 
were vaccinated between the 5th and 10th days of life, receiving three 
doses of the vaccine at 48-hour intervals; each dose contained 10 mgm. 
of the living Bacillus Calmetie-Guérin. 
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Fic. 1. Hich Monocyte Counts In NEWBORN BABIES 


A: normal, nonvaccinated babies (curves plotted from figures of Forkner). B: vaccinated babies; oral vaccination between the 5th and 10th 
days of life. The monocyte counts in vaccinated babies in the first two weeks of life are not higher than in normal newborn babies. 
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Five of the six children showed a rise in the absolute number of mono- 
cytes, for one to three days, at the end of the first week or in the begin- 
ning of the second week after vaccination (figure 1B). 

Four children showed occasional elevations of the monocyte curve 
throughout the time of observation (from 3 to 13 months). 

Two children (both colored) showed a steady high monocyte count. 
One of these showed a high monocyte count before the vaccination (915 
to 1,617 monocytes per 1 cmm. of blood). After the vaccination the 
number of monocytes varied from 1,188 to 2,855 cells per 1 cmm; the 
number of lymphocytes, however, also showed a steady increase, so that 
the monocyte-lymphocyte ratio in the postvaccinal period was not much 
higher than in the preliminary period (preliminary M:L ratios were 0.17; 
0.24; 0.47 and 0.33 and the postvaccinal ratios were 0.28; 0.62; 0.22 and 
0.25). This child died of bronchopneumonia following an enteritis 
one month after vaccination; the autopsy did not reveal any gross or 
microscopic evidence of tuberculosis in any organ (including brain), or 
in the lymph nodes. 

The other child showed a steady high monocyte count, a steady 
lymphopoenia and a repeated leucopoenia for the first four months of 
life (figure 2). The number of monocytes was high from the beginning 
of observation, with very few low figures in the first two months. At 
the time the sensitiveness to tuberculin developed, a steady high mono- 
cyte level became established (never below 1,200 cells per 1 cmm.) for 
three weeks; this was followed by a lower monocyte level, and by a very 
low lymphocyte counts (below 2,000 cells per 1 cmm.). A reversal of 
the M:L ratio was seen twice (M:L ratio 1.1). During the three weeks 
of the steady high monocyte count the ratio varied from 0.7 to 0.3. 
After the fourth month of life the monocyte counts were low, with very 
few slight elevations of the monocyte curve; the number of lymphocytes 
increased, so that the M:L ratio varied from 0.08 to 0.17 during the 11th 
month of life. Clinically the child was well and normally developed 
(observed to the age of 2 years). 

Repeated low total leucocyte counts, due to low numbers of lympho- 
cytes, were seen in two children; these children never developed any 
sensitiveness to tuberculin during the time of observation (4 months and 
12 months respectively). 

A transitory lymphocytosis was observed in one case for two months. 

Three children showed steadily increasing lymphocyte counts. One 
of them died of an intercurrent disease one month after vaccination. 
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Two others showed a considerable increase of the total number of lympho- 
cytes per 1 cmm. of blood (from 4,140 cells, or 15 per cent, at birth to 
7,546 cells, or 77 per cent, in one case; and from 3,663 cells, or 18 per cent, 
at birth to 8,883 cells, or 70 per cent, in the other case). 


LEUCOCYTIC REACTIONS IN CHILDREN VACCINATED SUBCUTANEOUSLY 


The subcutaneous method of vaccination was used on 14 children. 
The children were from 9 months to 5 years and 8 months old at the time 
of vaccination. The dose of the vaccine varied from 0.001 to 0.3 mgm. 
of the living Bacillus Calmetie-Guérin. 

An early elevation in the number of monocytes satiniaiie the ist and 
the 3rd day after vaccination, was observed in only one case (possibly 
some cases were missed because only a few of them had blood counts made 
on the day following the vaccination). Occasional elevations in the 
number of monocytes per 1 cmm. of blood were observed in 7 cases. 

Three of the children showed an increase in the number of monocytes 
about the time they developed a sensitiveness to tuberculin. In one case, 
however, the high monocyte count was coincident with pyuria, and 
could be caused by the intercurrent infection; in another case a sharp 
rise in the number of monocytes was observed on the day following a 
tuberculin test, and could be regarded as a post-tuberculin increase. 

A transitory lymphocytosis was observed in 5 cases. 

A steady lymphocytosis was present in 4 cases. A repeated lympho- 
poenia was observed in one child with a small cold abscess at the place 
of inoculation (dose of vaccine 0.002 mgm.; age at the time of vaccina- 
tion, 2 years and 2 months); 5 other children with cold abscesses showed 
no lymphopoenia. 

A repeated leucopoenia (due to lymphopoenia) was seen in the child 
referred to above; occasional lymphopoenia was observed in two children. 

Occasional high monocyte-lymphocyte ratios were seen in 4 children 
(ratios from 0.3 to 1.0); in two of these cases, however, the high ratios 
were coincident with an intercurrent infection, and with a tuberculin test. 


LEUCOCYTIC REACTIONS IN CHILDREN VACCINATED INTRACUTANEOUSLY 


Sixteen children, from 1 month to 2 years old, were vaccinated intra- 
cutaneously. The dosage varied from 0.005 to 0.1 mgm. of the living 
Bacillus Calmette-Guérin. 

Intracutaneous revaccination was made on 4 children, one at the age 
of one year, following an oral vaccination. The other three children, 
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from the group of 16 cases referred to above, were revaccinated six weeks, 
three and a half months, and ten months, respectively, after the first 
intracutaneous vaccination. The dose of the Bacillus Calmette-Guérin, 
used for revaccination, was 0.03 mgm. 

Eleven children vaccinated for the first time, and all those revaccinated, 
had their blood examined three times a day for three days before the 


TABLE 1 
Table of leucocytic changes 


INTRACU- | INTRACU- 

SUBCUTA- | TANEOUS | TANEOUS 
NEOUS VACCINA- | REVACCI- 

TION NATION 


METHOD OF VACCINATION: 


14 16 |(3) + 1* 


Monocytes over 1000 cells: 
On 1st to 3rd day 
Steady (3 months; no intercurrent 


Lymphocytosis: 
Transitory 


Lymphopoenia: 
Occasional 


Leucopoenia: 
Occasional 
Repeated 


M:L ratio: 
Occasional reversal 
Occasional high 


* Three of the four revaccinated children belonged to the 16 children of the preceding 
column. 


vaccination and for four successive days immediately following the 
vaccination. 

An increase in the number of monocytes during the 1st to 3rd day after 
vaccination (sometimes only for a part of the day) was observed in 8 
children vaccinated for the first time, and in one revaccinated child 
(figure 3). Besides this early increase, occasional elevations of the mono- 
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cyte curve during the time of observation were observed in 9 children 
vaccinated for the first time and in one revaccinated child. 

A transitory lymphocytosis was observed in 3 children vaccinated for 
the first time, and in one revaccinated child. 

Repeated leucopoenia, caused by a lymphopoenia, was observed in one 


case. 
Table 1 summarizes the leucocytic reaction observed in the 37 children. 


DISCUSSION 


The purpose of this investigation was to establish (1) whether vac- 
cination with the Bacillus Calmette-Guérin produces any changes in the 
blood cells of the peripheral circulation; (2) the character and incidence 
of these changes; and (3) to what extent the leucocytic reactions in 
human blood, after vaccination with the Bacillus Calmette-Guérin, re- 
semble those observed in experimental animals after inoculation with 
tubercle bacilli and other acid-fast bacilli. 

The leucocytic picture of the same individual, even under apparently 
normal and unchanging conditions, is not constant. It is known that 
the leucocytic picture varies at different hours of the day, in normal 
persons, under usual living conditions (Sabin, Cunningham, Doan and 
Kindwall (6)). Under pathological conditions a change of the leucocytic 
picture in some direction does not necessarily indicate only one possible 
cause for it, but may point to several possible sources that have to be 
evaluated. 

In our work we eliminated the influence of one factor, namely, of the 
time of the day, by taking the blood for examination on the same hour 
of the day; if the blood was examined more than once a day, the figures 
were compared with those obtained from the same individual on cor- 
responding hours. 

Several other possible sources of changes in the blood picture of chil- 
dren had to be considered, before we could decide whether these changes 
presented a reaction to the effects of vaccination with the Bacillus 
Calmette-Guérin. 

One factor that influenced the monocytic curves in our series were 
tuberculin tests (they were made intracutaneously, using 0.2 mgm. of 
Old Tuberculin for each test). Elevations of the number of monocytes 
per 1 cmm. of blood, following positive tuberculin reactions, were ob- 
served by Spector (7) in pulmonary tuberculosis. In our series of chil- 
dren vaccinated with a modified tubercle bacillus the intracutaneous 
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tuberculin tests in a number of cases were followed by a peak in the 
monocyte curve within 30 hours following the performance of the test. 
Some children, who at first showed no post-tuberculin increase in the 
number of monocytes, showed an increased monocyte count after subse- 
quent tuberculin tests. One child showed a monocytic response after 
one tuberculin test, but no such reactions after subsequent tests. In 3 
cases the post-tuberculin increase in the number of monocytes was ob- 
served before the administration of the vaccine. The younger children 
showed the post-tuberculin monocytic increase more frequently than 
older children. The post-tuberculin peaks of the monocytic curve were 
independent of a positive or negative result of the test. 

Although the post-tuberculin increase in the number of monocytes is 
not a constant manifestation (it was observed in about 30 per cent of 
tuberculin tests that were followed by blood counts), we decided to avoid 
making our regular blood counts on the days following tuberculin tests, 
and allowed a lapse of two to three days between the performance of the 
test and the examination of the blood, so as not to obscure the mono- 
cyte curve. 

Besides tuberculin tests, two other factors were to be taken into con- 
sideration: namely, intercurrent diseases and changing age of the chil- 
dren (this latter factor was of importance in children below six months 
of age, because of considerable changes in the blood picture during the 
first months of life). 

In our series elevations of the monocyte count were seen in rhinitis, 
in otitis media, in pyuria, and in bronchopneumonia with enteritis. 
None of these elevations of the monocyte curve were listed in our table 
with other high monocyte counts; nor was lymphocytosis at the onset of 
whooping-cough, or during bronchopneumonia, recorded in the tables 
with other cases of lymphocytosis. 

In analyzing the monocyte curves of the newborn babies that were 
vaccinated by the oral route, in 5 out of 6 cases we saw a decided increase 
in the number of monocytes (1,200 to 3,200 cells per 1 cmm.) within 4 
to 12 days after the beginning of vaccination (figure 1B). At first we 
were inclined to interpret this monocytic increase as a reaction to the 
vaccination, as did Pittaluga and Garcia. However, after having 
analyzed the figures of monocyte counts in the series of Forkner (8) on 
normal newborn babies, we saw that the majority of the newborn showed 
high monocyte counts in the first 11 days of life (from 1,200 to 4,800 cells 
per 1 cmm. of blood). (Figure 1A.) The elevations of the monocyte 
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curve at the end of the first week or at the beginning of the second week 
of life thus becomes a physiological phenomenon. 

For evaluation of the blood pictures of children older than two weeks, 
we could not find in the literature any data dealing with repeated blood 
counts on normal children, made over any period of time comparable 
with our time of observation. It was decided therefore to make control 
observations on normal babies for several weeks. 

According to age, our series of vaccinated children included 12 chil- 
dren from one day to 4 months old at the beginning of observation (nine 
of them showed occasional rises in the number of monocytes, and two 
showed a steady high monocyte count); 12 children from 7 months to 1 
year old (four of these showed occasional rises in the number of mono- 
cytes); and 13 children from 1 year and 1 month to 5 years and 8 months 
old at the beginning of observation (only two of them showed elevations 
of the monocyte curves, exclusive of acute infections). 


NORMAL CONTROLS 


Through the courtesy of Dr. Charles Hendee Smith we were given the 
opportunity to make repeated blood counts on several normal babies 
(foundlings or abandoned children) at Bellevue Hospital. The babies 


were from 10 days to 4 months old at the beginning of observation. All 
were found to be negative to tuberculin before the beginning of observa- 
tion (0.2 to 1.5 mgm. intracutaneously). These children presented a 
suitable control for our group of youngest children, whose blood showed 
the greatest fluctuation in the number of monocytes. The blood of 5 
babies was examined twice a week, for 4 to 7 weeks. The specimens of 
blood were collected between 9.30 and 10.30 a.m. All counts, total and 
differential, were made by one of us (V.D.), following the general method 
outlined above. 

Four out of 5 babies observed showed occasional high monocyte counts 
(1,053 to 1,813 monocytes per 1cmm.). In 3 cases the number of lymph- 
ocytes occasionally rose to 10,000 cells or higher (the percentage of lymph- 
ocytes, without any obvious infection, rose to 70 per cent and higher; 
the highest percentage observed was 83 per cent). 

The occasional elevations of the total number of monocytes in children 
free from tuberculous infection suggest that the few elevations of the 
monocyte curves that were observed in the vaccinated children must not 
be necessarily regarded as a reaction to the vaccination with the Bacillus 
Calmette-Guérin. We could not, therefore, attribute any significance 
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to the elevations of the monocyte curves, unless the high monocyte 
count was observed repeatedly, almost without interruption, for months 
(as it occurred in one case), or if the elevations of the curve were con- 
sistently observed after certain procedures (parenteral vaccination, 
tuberculin tests). 

A steady high monocyte count of 3 months’ duration (without inter- 
current diseases) was observed only in one case, that of a child vac- 
cinated by the oral method (2.7 per cent of all cases observed). A low 
lymphocyte count that was recorded at about the same time could indi- 
cate some changes in the lymph nodes, which could consist in tubercle- 
‘formation with resulting appearance of an excess of monocytes in the 
peripheral circulation. The subsequent drop in the number of monocytes 
per 1 cmm. and an increase of the number of lymphocytes would indicate 
the arrest of the process in the lymph nodes and a gradual development of 
a resistance to tuberculosis. This was the only case that presented 
haematological changes permitting an interpretation in the terms of 
tubercle-producing infection and immunity, as understood by Pittaluga 
and Garcia. 

Nine children vaccinated by the parenteral route showed an elevation 
of the number of monocytes for one or two days immediately following 
the vaccination, sometimes only for a part of the day (figure 3). These 
elevations of the monocyte counts show resemblance to the slight eleva- 
tions of the monocyte counts that could be noticed on the curves of blood 
counts made on rabbits after parenteral administration of acid-fast 
bacilli of varieties nonpathogenic for that species (curves in the articles 
by Jones and Tirrill (9), injection of the leprosy bacillus; Schwartz and 
Cunningham (10), injection of the smegma bacillus). It seems probable 
that this brief monocytic reaction after parenteral administration of acid- 
fast bacilli may be due to some substances common to the several acid- 
fast varieties. 

A transitory increase in the number of lymphocytes after vaccination 
with the Bacillus Calmetie-Guérin was observed in 14 children. If the 
time of observation in our series was limited to a few weeks, these cases 
would have made an impression of presenting haematological evidence 
of acquired high resistance to tuberculosis, as a result of vaccination. 
However, after a few weeks of relatively high lymphocyte counts, the 
number of lymphocytes went down to the level observed before the 
vaccination. 

A gradual increase in the number of lymphocytes for weeks or months, 
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without tendency to drop (“steady lymphocytosis” in the table), was 
observed in 8 cases. However, even in these cases the relatively high 
lymphocyte counts did not exceed some of the high figures observed in 
our normal controls, and could not therefore be regarded as a manifesta- 
tion of a high resistance to tuberculosis, acquired as a result of vaccination. 


SUMMARY AND CONCLUSIONS 


The blood picture of 37 children vaccinated with the Bacillus Calmette- 
Guérin was examined at frequent intervals. The time of observation 
varied from 1 to 13 months after vaccination. 

The blood of 5 normal babies was examined, at similar intervals, for 
a period from 4 to 7 weeks. 

The fluctuations of the number of monocytes and lymphocytes that 
were observed in the vaccinated children were within the normal range 
of variations for the young children. 

The fluctuations of the number of monocytes and lymphocytes were 
greatest in the newborn babies (the group of children vaccinated by the 
oral method); the older children (those vaccinated subcutaneously) 
showed the least changes in the blood picture. 

An increase in the number of monocytes was often observed on the 
day of intracutaneous tuberculin test, or on the day following the test, 
irrespective of a positive or negative reaction to tuberculin. The increase 
in the number of monocytes after tuberculin tests was seen also in some 
children before the vaccination (probably a response to some nonspe- 
cific factor). 

Nine cases vaccinated by parenteral routes showed a slight elevation 
of the number of monocytes between the 1st and the 3rd day after 
vaccination. 

A steady relatively high monocyte count and a low lymphocyte count, 
without any intercurrent infection, were observed in one case (oral vac- 
cination), or in 2.7 per cent of all cases; after four months the blood pic- 
ture of this child became normal. The child was well after 2 years of 
clinical observation. 

A complete autopsy on one child that died of enteritis and pneumonia 
did not reveal any tuberculosis or tubercle-like lesions in the organs or 
in the lymph nodes; this child showed a high monocyte and lymphocyte 
count both before and after vaccination (oral route). 

The slight degree of haematological changes after administration of 
the Bacillus Calmette-Guérin, especially infrequency of a noticeable 
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increase in the number of monocytes, indicates low tuberculogenic proper- 
ties of this bacillus. 

The haematological response to the vaccination with the Bacillus 
Calmette-Guérin, as expressed in the fluctuations of the number of mono- 
cytes and of lymphocytes, is not great. The blood picture cannot, 
therefore, be used as an index of the process of immunization with the 
Bacillus Calmette-Guérin, as proposed by Pittaluga and Garcia. 


We wish to thank Dr. Florence R. Sabin for advice given us in the course of this work, 
and Dr. Charles Hendee Smith for permission to make control observations on normal babies 
in the foundlings’ ward of Bellevue Hospital. 
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A PHRENICECTOMY NECKLACE! 


NORMAN BETHUNE 


The practice of surgery has been called an art, and it may be considered 
so, if that term is not defined too closely. In all its essentials, however, 
it is a craft, and the surgeon a craftsman, an artisan, a plastic mechanic. 

Bound by the rigid and inexorable laws of his medium, the human 
body, the surgeon is permitted but few of the liberties his fellow craftsmen 
may take who work with stone, wood or metal. He is a master of make- 
shift, a ready compromiser, denied, as in no other craft, the relief of 
substitution. A tour de force, although occasionally successful, is more 
apt to be disastrous. His critics are harsh, unforgiving and of dis- 
tressingly long memories. He is not allowed the exhibition of playful 
fancies, wit or humor, which other craftsmen enjoy in their productions. 
But, for all that, our craftsman often has the soul of a creative artist, 
although the nature of his plastic medium restricts the free play of his 
artistic nature. Like most other men, his creative force is confined to 
one channel and allowed but one escape. 

The modern introduction of anaesthesia has liberated the craft from the 
hurried expediency of the past to the more leisurely procedures of to-day. 
Modern surgical craftsmanship with its new leisure and, as an immediate 
consequence, its new precision, permits and encourages the artistic 
sensibilities of the operator. These artistic desires and their approxi- 
mate satisfaction are contained, to a large extent, in what is known as 
“surgical technique.” Still, for all the remarkable transition from 
butchery to bloodlessness, an operation scar still remains a scar, and, 
regarded artistically, can never be considered else but an aesthetic 
affront to the human body. Some of these insults may be concealed 
by clothing, rearrangement of hair or other artifices; those others, 
beyond concealment, must be borne with whatever resignation their 
sufferers can command. 

The powerful combination of the patient’s vanity and the craftsman’s 
artistic urge has produced the cleverly hidden scar of the “face-lifter,” 


1 From the Medico-Surgical Pulmonary Clinic, Royal Victoria Hospital, Montreal, Canada, 
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the dubious buttonhole incision for the appendix, the transference of 
the smallpox-inoculation scar from the arm to the thigh (this last repre- 
senting a well-intended misdirection), the crease-hidden thyroidectomy 
incision, artificial teeth, the toupé, the glass eye, the artificial nose and 
many otorhinolaryngological and orthopaedic operations. ‘Therefore, 
little apology is offered in presenting another suggestion for the satis- 
faction of both the patient’s and the surgeon’s harmless aesthetic vanities. 

Since the vertical phrenicectomy incision has been abandoned the 
scar of the transverse approach has become less noticeable. Yet, even 
in the same hands, the transverse scar will show slight variations of 
position from patient to patient: here, a little too far out; here, a trifle 


Fic. 1. DIAGRAMMATIC SKETCH OF PHRENICECTOMY NECKLACE IN POSITION 


The lower end of the bar rests on the edge of the clavicular head of the sternomastoid 
muscle. The scalene muscle (not shown) should be felt below. 


too low; here, a half-inch too high; and in others, a trifle too long. Now 
the ideal scar should run neither transversely nor vertically, but obliquely 
downward and inward to the sternoclavicular joint, and lie in a normal 
crease of the neck. It should be three-quarters to one inch in length, al- 
though an additional half-inch is sometimes allowable. 

To disguise the scar of this incision, the common practice is to place 
it in a crease of the neck; but with the head turned sharply to the side, 
as in the operating position, creases are apt to be obliterated. In many 
young subjects no creases can be seen. Correct anatomical placement 
and the future ease with which the scar may be hidden may both be 
obtained by using an ordinary bead necklace. This, of course, must be 
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rolled away to draw on the skin a line in which it lay. Not infrequently, 
when the beads are replaced, this line drawn freehand, is found to be just 
a trifle out of position. This may be avoided in the following way: 


Take an ordinary bead necklace of the “choker” type (a 10¢ one from Wool- 
worth’s is excellent) and, after removal of a few beads from the string, intro- 
duce a thin, slotted, flexible, silver bar, 13 inches long and } inch wide. 
A short link of silver chain, 5 inches long, is placed at one end of the 
string of beads so that the clasp may be adjusted to give a total length of 
necklace from 12 to 16 inches. This range will accommodate all but the 
thinnest or thickest necks. The flexible silver bar can be easily bent to fit 
the neck as snugly as the original beads. This bar has a slot 1 inch long and 
% inch wide. The necklace, after being sterilized by boiling and after the skin 
has been prepared, is placed in position with the patient sitting upright, head 
to the front. The beads should lie easily and naturally on the neck and the 
lower ends cross the sternoclavicular articulations. The adjustable clasp is 
fastened and the bar is then placed in the correct position by palpating the 
anterior scalene muscle which is felt below. With a small applicator (a tooth- 
pick is useful) dipped in mercurochrome, one then can draw a line on the skin 
through the slot in the bar, without disturbing the beads. The necklace is 
then removed and the patient placed in the operating position. The incision 
is made through the red line. After the operation the patient is informed 
that a necklace of such and such a length (say 14 inches) will hide the scar 
from view.” 


Strange to say, this seems to fill the female breast with the most pro- 
found gratitude. 


2 This necklace was made by Pilling and Son Co., Philadelphia, Pennsylvania. 
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THE SURGERY OF TUBERCULOSIS OF THE PYLORUS! 
Review of the Literature. Report of a Case. Experimental Data 
FERDINAND C. LEE 


Although tuberculosis of the stomach is a rare condition, nevertheless 
it is not so rare that it is not met with occasionally by the general surgeon. 
It is doubtful whether it has ever been diagnosed before operation, and 
many times the diagnosis was made only from the routine microscopic 
slides. In this report only those cases will be considered in which the 
tuberculous process occurred at the pylorus, and in which an operation 
for relief of the condition was performed. For these reasons the cases 
reported by Arloing, Hamilton, Stratton, Hartmann and Renaud, and 
Hurst are not included. Nor is it possible to consider the case of Po- 
therat because there is not sufficient evidence for the diagnosis of 


tuberculosis. 
INCIDENCE 


Considered from the point of view of laparotomies, the incidence of 
tuberculosis of the stomach, irrespective of its location, is low but vary- 
ing. On the one hand Good reported that, at the Mayo Clinic among 
7,416 gastric operations, tuberculosis was found in only 0.035 per cent, 
while Clairmont, in reviewing 258 stomach operations by v. Eiselsberg, 
collected 2 cases, or 0.8 per cent. When necropsy statistics are exam- 
ined a similar marked variation is found. From the table furnished by 
Good it can readily be seen that in a total of 71,871 necropsies, 141 
cases, or about 0.2 per cent, had tuberculosis of the stomach, while the 
necropsies of 15,165 tuberculous subjects yielded 80 cases, or 0.52 per 
cent, of tuberculosis of the stomach. The incidence in this last series 
varied from 2.1 per cent (Glaubitt) to zero per cent (Ophiils, Robertson). 

Apparently adults are affected three times as often as children, and 
males have this disease from 2 to 5 times as frequently as females 
(Melchior, Broders). 

To what extent the tuberculous process in the stomach has involved 

1From the Department of Surgery, The Johns Hopkins Medical School, Baltimore, 
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the pylorus is frequently difficult to judge because of the meagre de- 
scriptions. It is generally believed that the pylorus is involved in the 
majority of cases. Ina review of 95 cases, in which the site of lesion was 
not indicated in 67, Broders found the pylorus involved in 11 of the 
remaining 28 cases; Good found it affected in 17 out of 26 cases. Ricard 
and Chevrier reported an ulcer at the pylorus in 34.7 per cent of cases 
having tuberculosis of the stomach. Demel, and Spengler, without 
presenting any statistics, also considered the pylorus the most frequent 
site of gastric tuberculosis. 

It is the purpose of this article to consider only cases of tuberculosis 
at the pylorus which were treated surgically. On going over the litera- 
ture on this subject it was found that Lusena in 1921 had coliected all 
these cases, totalling 53, including a case of his own. It seemed, there- 
fore, unnecessary to repeat the work of Lusena, but profitable to gather 
the cases which appeared since his report and to include those which ap- 
parently had escaped his notice. The stimulus for this work was fur- 
nished by a case of our own. 


Abstract of Cases 


1: Haberer, H. (1905), reported a case, age and sex not given, having latent 
phthisis, with typical symptoms of stomach and bowel stenosis. Laparotomy 
showed a tumor at the pylorus as well as on the upper loop of jejunum, with 
numerous large caseated lymph nodes in the mesentery. Macroscopically 
the condition was believed to be tuberculosis although histological examination 
of one of the lymph nodes did not support this diagnosis. Anterior gastro- 
enterostomy with enteroenterostomy was performed; the patient was relieved. 


In the discussion Payr expressed his belief that a tuberculous pyloric 
stenosis is accompanied by a stenosis of the small bowel. He also brought 
up the question whether the condition was not one of syphilis. The 
meagre details do not allow a definite classification of this case as one of 
tuberculosis, but it was felt that it should be included in the series. 
Payr’s observation regarding the simultaneous tuberculous process in 
the small bowel receives little support from a consideration of the other 
cases in this series. 


2: Majewski (1906). Woman, 42 years old, developed a gastric ulcer and soon 
thereafter a pyloric stenosis. Operation was refused at first but requested 6 
months later because loss of weight, weakness, and vomiting were becoming 
intolerable. Palpation, presumably of the stomach, revealed a tumor as large 
asa walnut. At operation the posterior wall of the stomach was found to be a 
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fixed tumor mass, the pylorus was obstructed, and the anterior abdominal 
wall irregular in outline and infiltrated. An anterior gastroenterostomy was 
done. Patient was well for 11 months but then developed ascites. Laparot- 
omy disclosed a generalized peritoneal tuberculosis; microscopical examina- 
tion showed tuberculosis. She died after ‘‘several” weeks. 


Unfortunately the details of this case are limited, but it is doubtless one 
of an extensive tuberculous process of the stomach. The case illustrates 
to what extent a gastroenterostomy relieves obstruction and improves 
the general condition of the patient. 


3: Fujii, Tadashi (1909). A boy, 15 years old, complained of vomiting for 13 
years before admission. The vomiting was associated with irregularly-appear- 
ing pains in the epigastrium; the vomitus was dark brown. Appendicectomy 
6 months later. Gastric symptoms did not subside; vomiting more severe; 
loss of appetite. A mass appeared in the abdomen. Examination showed 
marked loss of weight; suggestive signs of pulmonary tuberculosis; stomach 
dilated; mass at pylorus; some tenderness in midline. Operation (Jenckel) 
disclosed a firm infiltrating mass at the pylorus with numerous adhesions. A 
definite ulcer was palpated on the posterior wall; numerous caseous lymph 
nodes in the mesentery. Posterior gastroenterostomy. Because of persistent 
vomiting an enteroenterostomy was made 3 days later. Uneventful recovery. 
Died of tuberculosis of the larynx 2 months later. 


Although there is no histological examination to confirm the diagnosis 
of tuberculosis and no necropsy report, it seems reasonable to believe 
that the patient suffered from pulmonary and laryngeal tuberculosis; 
the caseating lymph nodes in the mesentery are the strongest evidence 
in favor of the pyloric lesion being tuberculous. In this case a gastric 
resection might have hastened death. 


4: Dauwe, F. (1913). Young man, 18, whose father died at 28 of pulmonary 
tuberculosis, noticed a loss of weight for past 6 months, together with an 
increasing sense of heaviness in the epigastrium; profuse vomiting for past 8 
to 12 weeks; no haematemesis; occasional attacks of diarrhoea. Examination 
showed marked loss of weight, 21 kg. in 7 months. Stomach slightly tender, 
having a mass visible on the surface of the abdomen, moving with respiration, 
and firm as cartilage; peristaltic waves observed. Roentgen rays showed a 
mass obstructing the pyloric region, with retention. Fasting stomach showed 
a retention, with no free HCl acid, and a total of 24. Stools negative. He was 
treated medically and gained 13 kg. in 6 weeks. He returned 3 months later 
with marked ascites. Laparotomy showed a tuberculous exudate; he died “‘soon 
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thereafter.”” At necropsy the pylorus appeared as a cartilaginous ring barely 
permeable; a few superficial ulcers were found on the mucosa. Tuberculous 
granulations were seen over the whole peritoneum. No histological examina- 


tion was made. 


This case illustrates another type of operation, simple laparotomy, for a 
tuberculous tumor at the pylorus. It also allows speculation as to the 
course of events if operation had been performed on the first admission. 
The two cases of Bertolini showed definite improvement. Certainly 
the extensive clinical study of this patient stands in pleasant contrast 
to the absence even of a microscopical examination of the necropsy 


material. 


5: Schlesinger, Hermann (1914). Man, 30 years old, suddenly had severe 
epigastric pains and vomiting for 6 months before admission. Pains appeared 
one half-hour after meals and lasted for hours. He induced vomiting to obtain 
relief; no pain at night. Milk diet most helpful. Vomitus occasionally con- 
tained blood; foul-smelling eructations. Constipation. Lost 12 kg. since 
onset of symptoms. Examination showed involvement of both apices with 
tubercle bacilli in sputum; heart negative. Slight tenderness in pyloric region; 
peristaltic waves; mass felt at pylorus. Fasting stomach contents showed food 
retention, markedly acid but had no lactic acid. A test breakfast yielded free 
HCI 63, total acidity 98. Roentgen rays did not contribute toward the differ- 
ential diagnosis. Occult blood in stools. Operation (Sywek) showed a firm 
tumor at the pylorus; no evidence of tuberculosis; gastroenterostomy; unevent- 
ful recovery; all stomach symptoms disappeared. One month later signs of 
acute pulmonary involvement appeared and patient died about 10 weeks after 
operation. Necropsy showed tuberculous involvement of lungs, ileum, and 
caecum. An abscess communicating with the stomach and duodenum was 
found at the pylorus. Histological examination revealed epithelioid and giant 
cells; no tubercle bacilli seen. 


Inspection of the illustration seems to indicate that the abscess was 
really in the duodenum and established communications with the stom- 
ach secondarily. It is unfortunate that the condition as found at opera- 
tion was not described more fully. However, it seems clear that any 
more radical operative procedure, such as resection, would probably have 
caused still earlier death. 


6: Broders (1917). Man, 42 years old, complained of heaviness in the stomach 
after meals for 2 years before admission. Six months later vomiting about 
every other day 2 to 3 hours after meals; the vomiting stopped for 2 months but 
epigastric distress did not; later vomiting took place almost daily, with rapid 
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loss of weight. Six months before admission an exploratory laparotomy was 
done elsewhere; improvement continued for 5 months thereafter. For past 3 
weeks regurgitation occurred as soon as food had been taken. Never had 
severe pain or sour stomach. Physical examination found nothing of note 
except a mass in the right side of the upper abdomen. Test meal showed total 
acidity 12, all combined. Roentgen-ray report was carcinoma. Operation 
(Judd) showed a tumor of the stomach near the pylorus; Polya resection. 
Examination of the resected specimen showed three ulcers of the stomach, one 
near the pylorus; histologically, typical giant cells and tubercle bacilli were 
seen. Sputum examination after operation was negative for tubercle bacilli. 
Death occurred from pneumonia 11 days after operation. Necropsy found 
tuberculosis in the lungs; the intestines were free from this disease. 


Probably the pneumonia causing death in this case was due to an exacer- 
bation of the pulmonary tuberculous process. 


7: Rother (1918). Young woman, 26 years old, whose stepfather and step- 
sister died of pulmonary tuberculosis, suddenly vomited after a meal; 3 months 
later pain in epigastrium developed after taking meat and bread; 6 months after 
onset of symptoms vomiting took place, always after the above-mentioned food 
had been taken. Vomitus never black or contained fresh blood. Pain 
appeared immediately after food was taken and persisted for one-half to 1 hour. 


Could take only liquids before admission to hospital. Lost 20 pounds since 
onset of illness. Examination failed to find involvement of the chest organs; 
abdomen negative. Test breakfast showed absence of free hydrochloric acid, 
total acidity 12; no blood or lactic acid. Roentgen rays showed a defect be- 
tween duodenum and pyloric antrum. At operation the pyloric antrum of the 
stomach was red, inflamed, and of firmer consistency than the remainder of the 
stomach; no adhesions; no crater palpable. Posterior gastroenterostomy was 
attempted; but on opening stomach a large flat ulcer was on the stomach at the 
proposed site of the gastroenterostomy. Resection; posterior anastomosis. 
The resected portion showed three ulcers on the mucosa; one of these ulcers 
almost completely encircled the pyloric ring. Histologically, epithelioid cells 
and one giant cell were seen after numerous sections were cut. Recovery was 
uneventful. 


This case was considered by the author to be the eighth of primary 
tuberculosis of the stomach. However, the guarded fashion in which 
the epithelioid cells are described makes one sceptical of the diagnosis. 
The case seems more like one of a nonspecific gastric ulcer. 

In the discussion of this case Bruno Oppler pointed out the danger of 
making a diagnosis of tuberculosis of the stomach because of a pulmonary 
tuberculous involvement. He cited a case of pulmonary tuberculosis 
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associated with a pyloric ulcer that gave no evidence of being tuber- 
culous. He pointed out further that undoubtedly cured cases of pyloric 
cancer fell into the class of ulcers because only a small fraction of the 
specimens have a thorough histological examination. 


8: Albu, A. (1921). Male, 22 years old. No family history of tuberculosis; 
general health good. For past 3 weeks severe pains in epigastrium which began 
15 minutes after meals and continued for one-half to 1 hour; the pains were 
worse after solid food in contrast to liquid nourishment; acid eructations; no 
vomiting. Complete loss of appetite; constipation. Loss of 40 pounds in 
weight during past 4 weeks. Haemoglobin 55 per cent. Chest negative. In 
epigastrium a tender mass of firm consistency and movable. Motility of 
stomach lessened, with retention. Free acid 10, total 35. Occult blood in 
stool. X-ray showed sharp filling defect at lesser curvature near pylorus. 
Clinical diagnosis, carcinoma. Operation: On posterior wall of stomach at 
pylorus, mass size of small apple with a depression in centre surrounded by 
callous edges. Entire pyloric region inseparably united to liver. Posterior 
gastroenterostomy. Death 2 days later from pneumonia. Necropsy showed 
the mass in the stomach to be a large callous ulcer with the regional lymph 
nodes enlarged. Microscopical section showed tuberculosis in the ulcer and 
in the neighboring lymph nodes. No tuberculosis was demonstrable in the 
lungs or anywhere else in the body. 


A stain for the tubercle bacillus was not made. In view of the fact that 
no tuberculosis was found elsewhere, this case was included in the class of 
primary stomach tuberculosis; however, the claim that no tuberculous 
condition existed anywhere else in the body must be received with 
scepticism. 


9: Bertolini, Enrico (1921). I. Young girl, 18 years old, whose mother died of 
pulmonary tuberculosis at 39, noticed a sensation of weight in the epigastrium 
for a year before entering the hospital; epigastric pain occurred 2 to 3 hours 
after meals; vomiting was induced to obtain relief; sometimes the vomitus 
contained food taken 24 hours previously; no haematemesis; no melena. 
Physical examination revealed a dilated stomach, but no palpable mass; 
examination of chest negative. No occult blood in the stools. Test meal 
showed HC] less than normal, lactic acid present, no blood. Roentgen-rays 
disclosed a large stomach with retention. Operation found a marked thicken- 
ing of the pylorus with scattered white spots on the serosa of this region; 
lymph nodes in pyloric region and along the lesser curvature were enlarged. 
One of these nodes was removed for section. The peritoneum of all organs 
about the pylorus also had numerous small white granules but in smaller 
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number than those at the pylorus itself. A posterior gastroenterostomy was 
done; uneventful recovery occurred. Histological examination of the excised 
node showed caseation and acid-fast bacilli with the presence of tubercles or 
giant cells. 


10: Bertolini, Enrico (1921). II. Man, 43 years old, noticed a sensation of 
weight and oppression as well as nausea for the 6 years previous to admission 
to the hospital. Severe pains came on several hours after meals; vomiting for 
the past few months after the pains ceased; vomitus contained food recently 
taken; lost 12 kg. in weight in last 4 or 5 months. Physical examination 
showed a chronic pulmonary process at both apices; the abdomen had a slightly 
tender, resistant irregular mass in the epigastrium; the mass was mobile to a 
small extent. Hydrochloric acid was present in small quantity; some lactic 
acid; no bile or blood. Stool examination negative. Roentgen-rays showed 
infiltration of the upper pulmonary lymph nodes, and obstruction at the pylorus 
with one-quarter retention after 6 hours. Operation revealed a cicatricial mass 
at the pylorus causing a moderate grade of obstruction. There was a slight 
constriction also of the middle of the stomach. Small miliary nodules were 
seen on the peritoneum of the stomach and on the upper small intestine. The 
regional lymph nodes, as well as the mesenteric ones, were enlarged but of nor- 
mal consistency; a peripyloric lymph node was removed. A posterior gastro- 
enterostomy was performed, and a small piece of the stomach removed for 
section. Uneventful recovery occurred. The peripyloric node showed typical 
tuberculous inflammation with tubercles, giant cells and acid-fast bacilli. 


These two cases are very interesting in that they show that an obvious 
tuberculous process at the pylorus was relieved by a posterior gastro- 
enterostomy alone. Both of these patients were examined 3 months 
after operation, and the roentgen examination showed good function of 
the stomach. Unfortunately no record of their subsequent course is 
available, because it would have been extremely interesting as well as 
important to know whether the tuberculous process subsided completely, 
as has been stated by Payr and Hohlbaum. 


11: Biernath, P. (1921). Widow, 36 years old, treated 16 years previously for 
stomach ailment. Two years ago began to have pain in the epigastrium, loss of 
appetite, and constipation, relieved by medicine. Five months ago same 
symptoms as before, accompanied by frequent vomiting and by epigastric 
pain which had no relation to meals; occasional bitter eructation; no heart- 
burn; marked loss of weight. Examination showed a poorly nourished indi- 
vidual; chest negative except for prolonged expiratory breath-sounds in upper 
right side; slight tenderness above umbilicus on left side. White blood cells 
7,100; haemoglobin 63 per cent. Test breakfast: free acid plus, total acidity 
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29; lactic acid absent. Roentgen-rays showed hour-glass stomach. Operation 
found numerous adhesions between stomach and liver. Resection of stomach 
with gastroduodenostomy. Uneventful recovery. Three tuberculin injec- 
tions were negative. Histological examination of the resected portion showed a 


typical tuberculous ulcer. 


This case was considered by the author to be the seventh in the series of 
primary tuberculosis of the stomach. His contention is only slightly 
weakened by the physical examination of the chest and by the absence 
of a roentgen examination of the chest; a search for tubercle bacilli in 
the tissues would also have been in order. The use of the tuberculin 
test was unique, and it is quite remarkable that it should have been nega- 
tive three times because the patient had reached an age at which a nega- 
tive tuberculin test is unusual, and also because it is difficult to believe 
that some tuberculous inflammation was not present in the regional 
lymph nodes. The only other case in which tuberculin was used clin- 
ically as a test for the operative removal of a tuberculous focus in the 
stomach is that by Alessandri. In this instance the injection of tuber- 
culin did not cause a rise in temperature. 


12: Spengler, Gustav (1921). Man, 45 years old, with no history of tubercu- 
losis, 9 weeks before admission noticed in the epigastrium a sense of heaviness 
which had no relation to time, meals, or character of the food; meteorism and 
eructations; no vomiting; constipation; chills; cough with abundant expectora- 
tion; night-sweats. Examination showed great loss of weight; cavities in both 
lungs; heart normal. Abdomen was distended, definite tenderness in the 
pyloric region, no masses felt. Roentgen-rays showed sharply defined shadows 
in both apices of the lungs; dilated stomach, with retention. Occult blood in the 
stool; acid-fast bacilliin the sputum. Test breakfast showed retention, with 
“diminished” acid values. Because of the weakened condition of the patient a 
gastroenterostomy was performed. Death followed after 2 days. At 
necropsy tuberculosis with cavitation was found in both lungs. Numerous 
ulcers were found in the stomach and duodenal mucosa, one almost completely 
surrounding the prepyloric region, and another large ulcer near the cardia. 
Large caseated pyloric lymph nodes were seen. Histologically, tuberculosis 
was diagnosed in the pyloric ulcers. 


This case shows that a patient with an extensive and active tuberculous 
process will not tolerate much operative interference. Furthermore, it 
brings some support to the view of Moncorgé, who proposed that the 
simple round ulcer of the stomach may be of a tuberculous nature, for 
in this case the large ulcer near the cardia was diagnosed Ulcus callosum 
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with apparently no evidence of its being tuberculous; the other ulcers 
gave definite signs of tuberculosis. But it must be remembered that it 
is not uncommon to find nonspecific gastric ulcers in patients with 
pulmonary tuberculosis (Brunner). 


13: Hofer, R. (1922). I. Woman, 50 years old, complained of increase in 
pains in region of stomach 6 months before admission to hospital; loss of appe- 
tite, foul eructations, heartburn and vomiting soon followed. Rapid loss of 
weight. Examination showed marked tenderness to right of midline above 
umbilicus; stomach markedly dilated; no tumor palpable. Test breakfast: 
free acid 14, total 58, benzidine reaction positive; repeated stool examinations 
positive for occult blood. Roentgen-rays of stomach showed a dilated stomach, 
obstruction at the antrum with marked retention. Clinical diagnosis was 
carcinoma of stomach at pylorus. Operation (Lotheiszen): Firm tumor at 
pylorus involving duodenum, liver, gall-bladder and pancreas; numerous small 
hard lymph nodes along lesser curvature. Whole picture considered to be 
carcinoma. Resection (Billroth II); death 12 hours later. Examination of 
resected portion showed perforated ulcer in duodenum immediately at pylorus; 
histologically, tuberculosis was diagnosed. Necropsy failed to show tubercu- 
losis in any of the other organs. 


14: Hofer, R. (1922). II. Woman, 42 years old, had for 6 months previous 
to admission colicky pains in epigastrium accompanied by frequent vomiting; 
diarrhoea with slimy stools; frequent eructations and heartburn; rapid loss of 
weight during past 3 months. Examination showed dulness in apices of both 
lungs with occasional rales; no tender areas in abdomen; no masses. Stool 
positive for occult blood. Vomiting after every meal. Test breakfast showed 
retention of 300 cc. at end of one hour, free acid 4, total 53. Roentgen-rays 
showed enlarged stomach, slowed peristalsis, with marked retention. Opera- 
ion (Heinberg): Mass size of one’s fist composed of large lymph nodes at 
pylorus, which was narrowed and thickened. Removal of lymph node for 
histological examination led to perforation of the duodenum. This opening 
was repaired, a posterior gastroenterostomy was made; the pylorus was 
shunted out according to the method of Guleke. The stomach wall was hyper- 
trophic but soft, and had signs of fatty degeneration. Remarkable improve- 
ment resulted at once, appetite was enormous; oedema, which previously had 
not been mentioned, also disappeared. About 2 months after operation 
diarrhoea again appeared, as did the oedema; the patient died 2 weeks later. 
Necropsy showed large tuberculous ulcers in lower ileum, with extensive 
adhesions between liver, duodenum, stomach, and diaphragm. Histological 
examination failed to find evidence of tuberculosis in the stomach wall. An 
abscess had formed at the site of the duodenal perforation. Caseous lymph 
nodes were seen at the hilum of the liver. . 
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This was a case of pyloric obstruction due to neighboring caseous tuber- 
culous lymph nodes. The case is mentioned primarily to illustrate the 
added feature of pylorus shunting, as well as to show how a temporary 
improvement may take place. 


15: Hofer, R. (1922). III. The third case is described briefly in a note at the 
end of the article. The details are too meagre to merit serious consideration of 
the case. A girl, 14 years old, was operated upon for cholecystitis. At opera- 
tion a metapyloric tuberculous lymph node was found to have perforated into 
the stomach; a generalized peritoneal lymph-node tuberculosis was also found. 
Uneventful healing followed posterior gastroenterostomy and pylorus shunting. 
16: Demel, Rudolf (1923). I. Man, 22, admitted in 1905 because of pyloric 
stenosis. For previous 3 months, severe diarrhoea and distention; after eating 
meat, eructations that smelled like sulphur dioxide. More recently, vomiting 
4 hours after meals; no blood in vomitus. The change from a milk to an ordi- 
nary diet again brought on vomiting and constipation; no cough or night-sweats. 
Lost 15 pounds in weight. Examination of chest negative; stomach dilated, 
with occasional peristaltic wave; no masses felt. Test breakfast yielded free 
hydrochloric acid (amount not stated), no lactic acid. Operation (Clairmont) 
found a firm, irregular tumor at the pylorus with marked pyloric stenosis. 
Small whitish nodules were seen in small numbers under the serosa near the 
pylorus; mesenteric lymph glands enlarged but not hard. Posterior gastro- 
enterostomy. Recovery. 


This case is extremely interesting because he was examined again 18 
years after operation, and found to be well. This would then be the 
only instance in which a patient had been seen such a long time after 
operation, and would bring strong support for gastroenterostomy as the 
operation of choice. Unfortunately there is not sufficient proof that 
this case ever was undoubtedly one of tuberculosis; it may well have 
been one of chronic gastric ulcer. The history is not particularly sug- 
gestive of tuberculosis; the information obtained at operation in no way 
brings evidence for tuberculosis. The diagnosis could have been made 
if some of the pathological tissue had been removed at operation; it is 
reasonable to suppose that a regional pyloric lymph node could have been 
identified and removed for subsequent histological examination. In the 
statistical summary this case will still be included as one of tuberculosis 
of the pylorus. 


17: Demel, Rudolf (1923). II. Medical student, 23, admitted because of 
pyloric stenosis. At 16 he had trouble with his stomach. One year ago he 
noticed severe colicky pains in the region of his stomach after meals. These 
pains persisted for half a day. He had sour eructations. Vomiting for last 
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5 months; pains have become more frequent and severe. Food can be taken 
only while reclining because any other posture brings on his pains. No blood 
in vomitus or stools. Examination showed prolonged expiration at apices 
of lungs; stomach enlarged; succussion splash; pyloric region very tender. 
Operation (Haberer) revealed large stenosing ulcer on the anterior aspect of the 
pylorus, involving the duodenum. Ulcer felt hard. Billroth-II resection. 
Uneventful recovery. Microscopic examination of the ulcer showed 


tuberculosis. 


It was impossible to learn any more about the subsequent history of this 


patient. A gastric analysis would have been very interesting. 


18: Demel, Rudolf (1923). III. Woman, 44 years old, admitted because of 
pyloric stenosis. Diphtheria, and apparently pleurisy at 30. Since this time 
morning cough, night-sweats, evening rise of temperature. Remissions. 
Three children, two of whom died of pulmonary disease. For 2 months before 
admission cramp-like pains about umbilicus after meals, sour eructation, vomit- 
ing which gave relief. Constipation, no melena, no coffee-ground vomiting. 
Loss of weight 6 kg. within last 2 years. Two months ago saw a physician, 
who found that the test breakfast gave free acid 5, total acidity 30. Roentgen- 
rays showed infiltration of both apices; marked pyloric stenosis with retention. 
Physical examination found a plum-sized, easily movable, hard mass in region 
of pylorus. At operation a firm tumor, the size of an apple, was seen at the 
pylorus. No lymph nodes along the greater and lesser curvatures were iden- 
tified. Billroth-II resection. Uneventful recovery. The resected specimen 
has 12 ulcers at the pyloric ring. Each ulcer had an undermined edge, extended 
into the submucosa, and communicated with the adjoining ulcers. Histo- 
logically, tubercles and giant cells were found. 


This case is unusual in that an obvious and extensive inflammatory 
process at the pylorus should not have given rise to an involvement of 
the corresponding lymph nodes. 


19: Willerding, H. J. (1924). Widow, 58 year old. No tuberculosis in 
family. Before present illness, constipation; occasional bitter eructation. 
For last 3 months pain after meals, with frequent vomiting; the vomitus con- 
tained undigested food. Diarrhoea now; never melena. Physical examination 
showed a poorly nourished individual; chest negative. In epigastrium to right 
of midline a tumor as large as a hen’s egg, not tender, and moving with respira- 
tion was palpated. Retention of stomach so great that a gastric lavage never 
returned clear. Test breakfast gave free HC] 25, total 40; lactic acid and blood 
absent. Occult blood in stools. Roentgen-rays showed obstruction at 
pylorus with retention. Operation (Unger) revealed a tumor as large as an 
apple at the pylorus with a string of glands along the lesser omentum; at first 
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the tumor seemed impossible to resect, but a Billroth-IT resection, nevertheless, 
was accomplished. The resected specimen barely allowed a lead-pencil-to pass 
through the pyloric ring, which had numerous elevations beneath the mucosa; 
an ulcer was found at the lesser curvature; frequent areas were devoid of 
mucosa. Histologically, all layers of the stomach, particularly the submucosa, 
were thickened and infiltrated; occasional giant cells seen; no extensive casea- 
tion. The regional lymph nodes showed more giant cells, and also caseation. 
The patient made an uneventful recovery with the exception of a possible 
cystitis in which it was impossible to establish a tuberculous process. 


Undoubtedly tubercle bacilli would have been found in the resected 
material if a search had been made; but there is no doubt that the case 
was one of tuberculosis. It is refreshing to note that this case was not 
considered one of primary gastric tuberculosis. 


20: Suermondt, W. F. (1925). Man, 32 years old, had been complaining of 
stomach pain for past 53 years; the pain had no relation to meals; was gradually 
getting worse, but would disappear on drinking a glass of warm milk. Vomited 
several times a day; never had haematemesis. Lost considerable weight in the 
last few years. Constipated. Examination of the gastric juice yielded free 
acid 4, total 31. Occult blood found in stools. Roentgen-rays showed a large 
stomach with a deformity beyond the pylorus suggesting duodenal ulcer. 
Operation (Zaaijer) revealed a large thick-walled stomach, with a definite 
partial obstruction at the pylorus; enlarged lymph nodes along both curvatures 
of the stomach; Billroth-II. Patient made a smooth recovery except for 
vomiting some blood on the first 2 days after operation. Examination of the 
resected specimen showed an ulcer of the mucosa near the pylorus, with 
caseous lymph nodes along both gastric curvatures; histologically, tubercles 
with giant cells were seen. Patient was in good condition 6 weeks following 
operation; at this time roentgen-rays showed no active tubercular process in 
the lungs. 

21: Melchior (1926). I. Woman, 33, complained of stomach trouble 5 weeks 
before admission; pains appeared within 30 minutes after meals; frequent eruc- 
tations and vomiting. Physical examination found involvement of both lung 
apices; region of stomach markedly tender, but no tumor was definitely noted. 
Pirquet +. Fasting stomach gave free HCI 0, total 10; virtually the same for 
the test breakfast. Roentgen-rays confirmed the chest findings and also a 
lesion at the pylorus with retention. Operation under ether showed a large, 
firm, infiltrating mass at the pylorus, with small nodules on the serous surface 
on one side. Billroth-II. Death 18 days later following pulmonary and 
cerebral manifestations. Necropsy showed pulmonary tuberculosis. The 
resected portion of the stomach showed a marked thickening of the submucosa, 
with lymphocytic infiltration and a few tubercles. 
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With the pulmonary involvement it is surprising that no mention was 
made of the mesenteric or pyloric lymph nodes. Although untoward 
pulmonary complications did not supervene until 12 days after opera- 
tion, this case illustrates again that stomach resections are not well 
tolerated by individuals with manifestations of pulmonary tuberculosis. 


22: Melchior (1926). II. Man, 22 years old, had frequent eructations and 
vomiting within the 3 months before admission. Physical examination showed 
loss of weight; lungs negative; gastric retention, free acid 15, total 40; no blood. 
Roentgen-rays showed marked stenosis at pylorus and retention. Operation 
(Claessen) disclosed a small stenosing tumor at the pylorus, with dissemination 
over the entire gastric serosa and with numerous lymph-node metastases. The 
condition was believed to be carcinoma. Posterior gastroenterostomy. 
Examination of a removed lymph node showed tubercles with central casea- 
tion, as well as giant cells. He died over 23 years later, apparently of tuber- 
culosis. 

The survival period of over 2} years in this case is noteworthy. If the 
diagnosis had been made at operation a resection might have been at- 
tempted by some surgeons, particularly in view of the negative chest 


findings. 


23: Melchior (1926). III. Woman, 39, complained for 2 years of pain in the 
epigastrium after meals; great loss of weight. Physical examination showed 
respiratory changes in the left upper lung; diffuse tenderness in stomach region, 
no tumor definitely palpable. Test breakfast gave free HCl 15, total 27; 
occult blood in stool. Roentgen-rays showed a defect at the pylorus, with 
retention. Operation (Rahm) disclosed a hard tumor at the pylorus with 
inflammatory adhesions to liver and pancreas. Ulcer was diagnosed. Bill- 
roth-IT resection. Uneventful recovery. Was well 3 years after operation. 
The resected specimen showed tubercles and epithelioid and giant cells. 

24: Melchior (1926). IV. Man, 55 years old, complained of a sense of pres- 
sure in the epigastrium for a year before admission; occasional vomiting and 
diarrhoea; great loss of weight. Examination showed enlarged lymph nodes in 
the supraclavicular fossa, which were found to be tuberculous on biopsy, and 
changes in the lower left lung; large stomach retention; no mass palpable; 
ascites. Roentgen-rays showed a filling defect at the pylorus. At operation 
(Rahm) a large hard immovable tumor was seen at the pylorus, with miliary 
dissemination over the greater omentum and mesocolon. Abdominal closure. 
He died about a month later of tuberculosis. Histological examination of an 
excised nodule from the omentum showed typical epithelioid cells. 


It is a question whether gastroenterostomy should not have been at- 
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tempted in this case in spite of the ascites and the pulmonary 
involvement. 


25: Melchior (1926). V. Man, 61 years old, complained of recent pains in 
the epigastrium, frequent vomiting, tendency to diarrhoea, loss of weight. 
Previously night-sweats; one daughter suffered from tuberculosis. Examina- 
tion showed involvement of the lungs; large, tender tumor in epigastrium; no 
gastric contents obtainable. Roentgen-rays showed a lesion in the prepylorus. 
At operation a large, moderately firm tumor was noted at the pylorus; enlarged 
regional lymph nodes; further up another tumor. Resection. Postoperative 
hernia, later pneumonia; tubercle bacilli in the sputum; death a month after 
operation. Necropsy showed pulmonary tuberculosis, polyposis ventriculi, 
tuberculous ulcers of the bowel, chiefly of the small bowel. Examination of 
the resected stomach specimen showed a large submucous abscess; tubercles 
with epithelioid and giant cells were not frequent in the submucosa. 


All the cases described by Melchior would be of more value if a more 
complete history had been given and a stain for tubercle bacilli in the 
tissues had been made. The outstanding case in this group is the follow- 
ing one, given more in detail by Severin. 


26: Severin, J. (1926). Soldier, 28, general health good with exception of 


indefinite stomach complaint since childhood. At 19 years he was in a hospital 
for 3 months because of a chronic right-sided inguinal adenitis; no evidence of 
venereal disease. He developed a severe diarrhoea while in the German army 
during the war; frequently passed blood; later vomited almost daily after 
meals; marked loss of weight and weakness. Temporary improvement fol- 
lowed hospitalization for almost a year; then daily vomiting again took place. 
He entered the hospital weighing 107 pounds against his normal of 176, and 
complaining of loss of appetite, a sense of pressure about stomach, colicky pains 
after meals, eructation, general weakness, no vomiting. Physical examination 
negative except for obvious loss of weight and tenderness in the region of the 
stomach; no mass was felt. Gastric analyses showed some retention, no free 
acid but a total between 43 and 110; a test breakfast gave an acid deficit from 
50 to 130, total acidity 12 to 50; microscopically, undigested food particles, 
starch granules, and bacilli. Stool examination negative for free blood. 
Roentgen-rays showed enlarged stomach, pylorus indistinct, retention after 
24 hours. Three weeks later a small mass was palpated at the pylorus. 
Carcinoma at the pylorus was diagnosed. At operation (Melchior) the 
pylorus was found to be thickened as if a tumor were present; the pylorus was 
soft, with numerous enlarged lymph nodes along the lesser curvature. Small 
yellowish-white nodules barely visible on the serosa of the pylorus. A diagnosis 
of cancer or tuberculosis was made. Billroth-II, with Murphy button. The 
resected portion showed a stenosis at the pylorus so that the little finger was no 
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longer able to pass through; a small ulcerating tumor was situated in the pyloric 
antrum. Histologically, polyp-like structures were seen formed from the 
mucosa, and a columnar mass of fibrous tissue. The entire mucosa was 
thickened; ulcerated areas were found in clefts of the mucosa. Typical epi- 
thelioid tubercles were present but were very few in number and had no con- 
nection with the inflammatory processes. In the neighboring lymph nodes 
occasional epithelioid tubercles were seen which in a few instances contained 
giant cells. Uneventful recovery. After operation a roentgen-ray exami- 
nation of the chest gave no evidence of tuberculosis. 

The patient was examined again on 4 different occasions in the 10 years 
following the operation. No signs of tuberculosis were found anywhere. 
There was an achylia gastrica. 


This is the only case in the literature which has been followed for 10 
years after resection of the pylorus. The whole case rests on the histo- 
logical examination of the hypertrophied pylorus, and there is still a 
possibility, even though slight, that the presence of the epithelioid cells, 
which were the only signs of a tuberculous infection, might have been 
due to a slight nonspecific inflammation of the mucosa. There seems 
to have been some discrepancy about the extent of the inflammatory 
process, because grossly an ulcerating tumor was seen just proximal to 
the pylorus, while microscopically no such structure was identified. 
The entire inflammatory process was slight, and limited to furrows in 
the mucosa. No attempt was made to stain for tubercle bacilli, and it 
is doubtful whether any organisms would have been found in such 
chronic inflammatory tissue. 

This case also has been considered one of primary tuberculosis of the 
stomach; but, in view of the inguinal adenitis which drained for 3 months, 
there is still a possibility that this focus of infection was also tuberculous. 


Author’s Case 


27: Lee, F. C. (1930). H. H., a colored man, 34 years old, a musician by 
occupation, came to the hospital complaining of nausea and pain in the 
stomach. There was no history of tuberculosis in the family, although his 
father and mother died relatively young, at 45 and 39 years, respectively. His 
past health had been good. Besides the usual childhood diseases, he contracted 
a mild case of pneumonia 8 years ago; there was no history of typhoid fever, 
malaria, scarlet fever, diphtheria, influenza, chorea, or rheumatic fever. He 
has had occasional attacks of epistaxis, which frequently accompanied a 
chronic cough in winter; no dyspnoea. Last year he suffered with a severe 
pain in the left chest; this attack continued for a few days only, and had not 
occurred since then. His appetite had always been good until the onset of the 
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present illness. He suffered with constipation; never had haemorrhoids, nor 
had he ever noticed blood or mucus in the stools. Thirteen years ago he had 
an attack of gonorrhoeal urethritis with apparent complete recovery. He had 
been married 7 years; his wife had not been pregnant. His usual weight had 
been 150 pounds; his present weight was 115; most of this had been lost recently. 

About a year before admission to the hospital he began to experience distress 
in the epigastrium after meals; hunger also brought on the same symptoms. 
He was relieved by soda but not by food with the exception of milk and ice- 
cream. Slight nausea accompanied this condition. Two months later he 
began to vomit occasionally after meals; he stopped eating coarse food and 
was quite free from pain for several months. About 2 months ago he had a 
severe head and chest “cold;” he became nauseated when he coughed after 
meals and vomited later. Since then any exercise after meals has brought on 
vomiting. He never vomited blood. For the last few weeks he has lived 
primarily on a milk diet. 

On admission to the hospital his temperature was 99.0°F.; pulse 100; 
respirations 20; blood-pressure 120/80; white blood cells 5,600; haemoglobin 
75 per cent. He was well developed but undernourished, with a slight general 
lymph-node enlargement. The clavicular fossae were prominent, with some 
impairment to the percussion note at the apex of the right lung; no rales were 
heard. Examination of the heart was negative. In the abdomen between the 


xiphoid and the umbilicus was a moderately soft, oblong mass about the size 
of an English walnut which was slightly tender and moved freely with respira- 
tion. There was no muscle spasm or rigidity. No peristaltic waves were 
noticed. The liver extended one finger’s breadth below the costal margin. 
Examination of the genitourinary tract, rectum, and neuromuscular system 


was negative. 
The urine examination showed an absence of sugar but albumen 3 plus. 


Wassermann negative. Occult blood was found in the stool. 
The routine fractional histamine test, a subject which has recently been 


reviewed (Lee), was as follows: 


FASTING 
PERIOD 
6 


SPECIMENS 1 
HOURS 


15 Clear yellow 
Injection of 0.20 mg 
After 15 minutes 15 Clear yellow 
After 30 minutes 25 Clear brown 
After 60 minutes 25 Clear brown 
After 90 minutes 25 Clear brown 


BLOOD- 

i 0 | 0 | 20 | 84 | 96/72 

3 bm. histamine 

0 | 0 | 14 | 96 [100/60 

: 0 | 0 | 23 | 108 {100/68 

ry 0 | 0 | 17 | 96 | 92/70 

i 0 | 0 | 20 | 96 {100/70 
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Roentgen-ray examination reported an annular filling defect in the pyloric 
end of the stomach (figure 1). The defect extended well up on both curvatures; 
the duodenal cap was apparently normal. The diagnosis was carcinoma rather 
than ulcer. The chest showed spotty infiltration of both upper lungs, par- 
ticularly the right, suggesting an active tuberculous lesion (figure 2). 


Fic. 1. ROENTGEN-RAyY PICTURE SHOWING INVOLVEMENT OF THE PyLoRIC END OF THE 
STOMACH, WITH OBSTRUCTION 


At operation the pathological picture was found to consist of a mass of small 
translucent gray blebs and nodules involving the pyloric antrum, pylorus, and 
first part of the duodenum (figure 3). At either end of this portion of the 
intestinal tract the pathological process terminated relatively abruptly. The 
nodules seemed heaped upon one another, particularly at the pylorus, and thus 
accounted for the tumor which was felt during the physical examination, 
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The whole mass, although moderately indurated, was slightly soft in con- 
sistency and freely movable; the pyloric ring was definitely stenosed, with only 
very fine adhesions to the liver. The entire process seemed to be situated 
primarily on the anterior surface. There was no sign of acute inflammation. 


Fic. 2. ROENTGEN-RAY PICTURE OF THE CHEST, SUGGESTING ACTIVE PULMONARY 
TUBERCULOSIS 


Pressure on the area of blebs showed very poor circulation. Some of the 
blebs were situated on the edge of the liver, but were not heaped up as on the 
stomach. They could be seen with difficulty on the greater omentum near 
the pylorus. Along the gastrocolic and gastrohepatic ligaments numerous 
enlarged discrete lymph nodes were found. These nodes were soft in con- 
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sistency and easily movable; one was excised for frozen section and was reported 
tuberculous. In view of this report it seemed simple to make doubly sure of 
the diagnosis, so a small elliptical piece of tissue was removed from the anterior 
portion of the pyloric ring. Frozen as well as permanent sections showed this 
material to be tuberculous (figures 4, 5, 6); special stains, however, failed to 
show tubercle bacilli. 

In view of the extent of the lesion locally as well as the general condition of 
the patient it was decided to perform a posterior gastroenterostomy. He made 


Fic. 3. DRAWING OF THE LESION AS SEEN AT THE OPERATING TABLE 


Note the extensive involvement on both sides of the pyloric ring, as well as of the serous 
surface of the liver. Frozen section of a gland found in the greater omentum near the letter S, 
as well as of material taken from the anterior pyloric surface (fig. 4), showed tuberculosis. 
The letters S, D, L and G indicate stomach, duodenum, liver and gall-bladder respectively. 


an uneventful recovery from the operation, never vomited, and was soon on a 
5,500-calory diet. In spite of the fact that he took his food moderately well, 
he nevertheless lost weight. He was advised to enter the tuberculosis sana- 
torium, but he insisted on going home; however, he became worse at home, 
developing oedema of the legs and ascites. He entered the sanatorium, 
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gradually became weaker, and died 94 days after operation. A necropsy 
was not allowed because of the rules of the institution. 


The preoperative diagnosis of this case also was carcinoma in the 
pyloric region of the stomach. Of particular interest was the histamine 
test, which showed no free hydrochloric acid; the highest total acid value 
was 23, which was only 3 above the fasting reading. It is doubtful 
whether a histamine test has ever before been reported in a case of tuber- 
culosis of the stomach. ‘The reason for these low acid values as well as 


Fic. 4. PHOTOMICROGRAPH OF A PIECE OF TISSUE REMOVED FROM THE PYLORUS OF THE 
STOMACH AT OPERATION 


The serosal layer is markedly thickened; at B one of the blebs is seen on section (fig. 5). 
One of the numerous lighter areas is enlarged in fig. 6. 


for the absence of mucus may be found in the gastric mucous membrane, 
which appeared whitish, in contrast to the usual pink color seen when a 
gastroenterostomy is performed for duodenal ulcer. Undoubtedly the 
low functional state of the mucosa explains the poor response to histamine. 

Furthermore, it is doubtful whether a resection in this case would 
have been justified, even though some authors, as for instance Keller, 
seem to feel that only a resection is ever to be considered, and undoubtedly 
some would have performed such an operation in this case. But the 
extensive involvement of the duodenum, the presence of the process on 
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Fic. 5. HiGHER MAGNIFICATION OF AN AREA SHOWN IN Fic. 4 


The serosa, greatly thickened and still covered by a single layer of mesothelial cells, seems 
to be composed of a thick fibrinous exudate containing fibroblasts, lymphocytes, and poly- 
morphonuclear cells, but being essentially poor in cells. 
a more acute inflammatory process. 
V, is situated at the periphery. 


At the base of the serosa are signs of 
Another bleb, resembling an overhanging villous mass, 


Fic. 6. SHows A HIGHER MAGNIFICATION OF AN AREA IN Fic. 4 


The light area is a giant cell surrounded by acute and chronic inflammatory tissue. 
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the liver, the probable tuberculous involvement of the lungs, and the poor 
general condition of the patient made a radical procedure hazardous. 

The diagnosis would have been more conclusive if acid-fast bacilli 
had been found in the histological material, but the picture of tubercu- 
losis was so definite in the sections that it could be confused only with 
syphilis, for which there was no other evidence. The roentgen-ray 
examination of the chest and the subsequent course of the disease leave 
little room for doubt regarding the diagnosis. 

Using as a basis the 27 cases just reviewed, and adding to them the 
53 cases described by Lusena, we collected a total of 80 instances of 
tuberculosis of the pylorus. On the basis of this material the pathology, 
diagnosis, and treatment may now be presented briefly. 


PATHOLOGY 


The tuberculous processes at the pylorus are in no way different from 
those at any other place in the stomach. Of the many classifications 
of this disease, probably the one given by Biernath is as complete as 
any. According to him the following forms may be distinguished: 


1: A simple gastritis in phthisical patients which leads on to 

2: Multiple small erosions and ulcers of the mucosa. Frequently this is the 
condition found in the terminal stages of pulmonary tuberculosis. 

3: Ulcers, which usually appear singly near the pylorus, and are rarely multiple. 
The submucosa is the chief seat of the tuberculous process. The ulcer is as a 
rule small, but may attain a size of 3 to 4 inches in diameter when situated in 
the body of the stomach. The base of the ulcer is usually ragged, of a dirty 
gray color, filled with chronic inflammatory tissue, and situated most often on 
the muscular coat. The inflammation rarely erodes blood-vessels of any size, 
but burrows widely in the submucosa, producing an overhanging ledge of 
mucosa. These ulcers rarely perforate because extensive adhesions are formed 
on the serous surface before the outer layers of the stomach musculature are 
destroyed. Microscopically, necrotic caseous material covers the floor of the 
ulcer, together with epithelioid cells, giant cells and lymphocytes. Tubercle 
bacilli have been found with difficulty, particularly if the more chronically 
inflamed portion of the ulcer was studied; the bacilli are best found at the edge 
of a caseous necrotic mass. 

4: The hypertrophic infiltrating form is of particular surgical interest because 
it is represented by a tumor, and is usually mistaken for cancer. The mass is 
indurated, with extensive perigastric adhesions, which may hold it firmly 
attached to the liver, pancreas, or transverse colon. In fact, Garré was forced 
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to resect a portion of the transverse colon, together with the pyloric portion of 
the stomach, because of extensive adhesions. 

5: A sclerosing inflammatory form, very much like the one just previously 
mentioned, but more actively proliferating, and causing obstruction of the 
pylorus by providing an inflammatory mass. According to Poncet and 
Leriche, this form may again be divided into two groups, depending on whether 
the mucosa or the submucosa is more involved. 

6: An acute miliary dissemination, giving rise to individual tubercles, has been 
described. This form owes its origin probably to a sudden liberation of 
tubercle bacilli into the blood- or lymph-stream. According to Dewey, the 
lymph-stream is the chief medium. 

7: Extragastric forms, in which the pylorus may be obstructed (a) by tuber- 
culosis invading it from neighboring organs such as the duodenum and pan- 
creas; (b) by tuberculosis extending to the pylorus from the neighboring peri- 
pyloric lymph nodes; and, finally, (c) purely mechanically, by compression 
from masses of tuberculous lymph nodes, which, although they do not have a 
direct extension of their inflammatory process to the pylorus, nevertheless 
cause enough compression to produce obstruction. 


In brief, tuberculosis of the pylorus may reveal itself in any stage from 
an acutely fulminating to a chronic infiltrating form, and the type of 
surgical intervention that will do the most good must be chosen on the 
basis of the form of tuberculosis which is recognized at the operating 
table. 

The explanation of the relatively high incidence at the pylorus is 
based on three factors. The first is that more lymph follicles are sup- 
posed to be situated in the pyloric portion than anywhere else in the 
stomach; and, if one believes that a lymph follicle is the portal of entry 
for the tubercle bacilli, then it is reasonable to consider this factor as an 
explanation (Rokitansky). Another explanation is that the obstruction 
which the pylorus offers under physiological conditions is sufficient to 
cause tuberculous food material to be thrust repeatedly against the 
mucosa at the pylorus, and, if such material is coarse and possibly abra- 
sive, a tuberculous lesion might thus be produced. Finally, it is pos- 
sible that a tuberculous infection may become superimposed upon a 
nonspecific ulcer, which is frequent in the pyloric region. According to 
Simmonds and Moncorgé, the tuberculous ulcer is produced by the addi- 
tion of a tuberculous inflammation to a preéxisting chronic gastric ulcer. 

Nor has any satisfactory explanation ever been offered for the way 
in which the tuberculous infection reaches the stomach. The avenues 
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usually held responsible are (1) focd karboring tuberculosis; (2) the 
deglutition of sputum ccming from lungs with a tuberculous infection; 
(3) the direct spread of the infection through the blocd-stream; and (4) 
a similar dissemination through the lymph-vessels. The only positive 
explanation is found in (5) the direct extension of tuberculosis from an 
adjoining structure, such as the duodenum or the spleen (Reinhold). 
For a discussion of these various factors the reader is referred to the 
review articles of Brunner and of Zesas. 


CLINICAL PICTURE 


Although the history of a case of tuberculosis of the pylorus contains 
nothing characteristic, nevertheless it may be well to give an outline of 
the sequence of events. 

The earliest symptoms, which may be present one to two years before 
stenosis appears, are usually those associated with a chronic gastritis. 
Loss of appetite, a sense of fulness and pressure in the epigastrium, with 
nausea, are the chief complaints. Then follows pain in the upper abdo- 
men, and vomiting. The pain is usually described as burning or pene- 
trating, and appears soon after meals, particularly if solid food has been 
taken. Relief from pain is obtained when the food has passed into 
the duodenum, but the patient soon learns that immediate relief can be 
obtained by vomiting, which he soon induces with great facility. The 
pain may be persistent and of constant intensity, and again may be ab- 
sent for days. ‘That it is due to the irritation of hydrochloric acid seems 
doubtful because in the majority of cases there is no free acid. 

Vomiting usually occurs early in the course of the disease, but is never 
the first symptom. ‘To make the case of Alexander an exception is not 
correct. Ricard and Chevrier felt that they could divide the nature 
of the vomiting into several types which indicated the progress of the 
disease. In an early case with partial stenosis, vomiting was due to the 
excess of food taken, vomissement de surcharge. Later, when the stenosis 
became more acute, vomiting occurred more frequently, without any 
relationship to meals, and at any time. This type was called vomissement 
réactionnel. Still later, after the stomach had become enlarged and 
dilated and was overloaded, the vomiting was considered a vomissement 
par trop-plein. The amount vomited is generally large; several quarts 
is not uncommon. Rarely is the vomitus dark, and it seldom contains 
“coffee grounds” suggestive of gastric haemorrhage. Arloing collected 
only 9 out of 147 cases of tuberculosis of the stomach, thus not limiting 
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his data to the pylorus, in which haematemesis occurred. A word of 
caution may be inserted here regarding haematemesis. Since this 
condition is rare and is usually reported by the patient, it is quite pos- 
sible that haemoptysis might have been confused with haematemesis, 
and that blood which appeared in the vomitus might have come from 
other parts of the upper intestinal or respiratory tract. It is also not 
unusual to have food taken several days previously appear in the vomitus, 
and, because of the stagnation of food and its fermentation, eructations 
may have a very disagreeable odor. 

Diarrhoea has frequently been claimed to be characteristic of the 
disease. Ricard and Chevrier first advanced this view, but many 
cases have been reported in which marked constipation was the rule 
(Curschmann). In the case of Margarucci constipation was followed 
by diarrhoea. It is also quite possible that the diarrhoea may be due to 
ulcers in the small bowel and not necessarily in the stomach. Certainly 
the prognosis would seem to be much more serious with this manifesta- 
tion; however, two cases have been cited in which diarrhoea was not 
associated with any lesion of the bowel (Lava, Orlandi). 

The motor function of the stomach is gradually impaired. Only in 
the early stages, when the powerful peristaltic waves force material into 
the duodenum, can a disappearing mass in the pyloric portion of the 
stomach be palpated. After these waves have spent their force and the 
walls of the stomach have become flabby, peristaltic waves are rarely 
seen. In this particular, tuberculosis of the pylorus differs from carci- 
noma and ulcer, because the tuberculous lesion is much slower in de- 
veloping and is not of such extreme degree. This point may be of help 
in the differential diagnosis. 

The dilatation of the stomach which results from the obstruction may 
be of varying degree. A succussion splash may be elicited, and, if found 
at or below the umbilicus, a low-grade chronic pyloric obstruction must 
be seriously considered. 

A tumor may or may not be palpated at the pylorus. It is surprising 
how large a mass may be found at operation when previously no tumor 
had been felt. Frequently the patient is sensitive to pressure in the 
epigastrium, and a satisfactory examination is not possible. If the 
tumor is due to an active tuberculous process, the mass will be only 
moderately firm, easily movable, fairly well defined, and without any 
irregular surface markings. The more chronic the process is, the more 
will the tumor resemble a carcinoma. 
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Laboratory examinations also do not aid in presenting a clear and 
distinctive clinical picture. Gastric analysis has not revealed any data 
characteristic of the condition. Free acid has been found frequently 
(Margarucci, Ricard and Chevrier, Clairmont); only two instances of 
hyperchlorhydria have been reported (Curschmann, Schlesinger). 
By far the more usual finding is an absence of free hydrochloric acid, 
as in the cases of Alessandri, Alexander, Fujii, Lipscher, and Nordmann. 
In our own case not even histamine, which has the property of stimulat- 
ing particularly well the acid secretion, would produce any free hydro- 
chloric acid. In the absence of the hydrochloric acid the presence of 
lactic acid has been frequently established. The variation in these 
reports might well be due to the character of the inflammation; a low- 
grade chronic inflammatory process, located only at the pylorus and 
causing only slight stenosis, might be compatible with a small amount of 
acid secretion; however, in a patient with an extensive active pulmonary 
tuberculosis and symptoms of a marked and prolonged stenosis, the ab- 
sence of free acid seems reasonable. 

Stool examination may be entirely negative or may give evidence of 
occult blood. The presence of blood, however, has no great diagnostic 
significance in so far as it may be of help in diagnosing a lesion at the 
pylorus, even though a tumor may be palpable in this region, because a 
tuberculous ulcer may be present in another portion of the bowel and 
all the blood may have its origin from this source. Since gross haemor- 
rhage is rare in tuberculosis of the stomach, the finding of a large tarry 
stool would make the diagnosis of tuberculosis unlikely. 

Urine examination is also negative. The oliguria which has usually 
been described for this condition is probably due to the stenosis and 
vomiting, because the patient becomes dehydrated. That the urine 
contains less sodium chloride and higher creatinin values is not specific 
for tuberculosis, but occurs in any case of pyloric obstruction. 

Roentgen-ray studies have always been helpful in establishing the 
presence of an obstruction, but there is nothing characteristic about the 
nature of the obstruction which would make it specific for tuberculosis; 
therefore, the diagnosis usually reads carcinoma. 

The routine blood examinations show nothing characteristic. A sub- 
normal haemoglobin reading, a slight increase in the small lymphocytes 
are the common variations from the normal, but of themselves are not 
very helpful. Fever, however, is of much more importance, particularly 
if it has daily variations suggestive of tuberculosis. 
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Nor does the general appearance of the patient furnish any subtle 
suggestion as to the possible trouble. The marked loss of weight, the 
weakness, the poor color of the skin and mucous membranes provide 
nothing different from that which is seen in any case of pyloric stenosis. 


DIAGNOSIS 


It is doubtful whether a diagnosis of tuberculosis of the pylorus has 
ever been made without a biopsy. The reason for this difficulty lies 
in the fact that there are no signs, symptoms, or laboratory criteria 
known at present which would make the diagnosis definite. The tuber- 
culin injection advocated by Petruschky as a diagnostic measure hardly 
merits discussion. In the two cases reported by him neither operation, 
necropsy, nor any other positive method of examination established the 
diagnosis of tuberculosis. In fact, this procedure has been characterized 
as distinctly harmful since it might produce an exacerbation of the 
tuberculous process in the ulcer, resulting in a perforation (Curschmann, 
Haberer). 

In a patient 20 to 40 years old, with signs of pyloric obstruction for 
almost a year, with diarrhoea, slight fever, a movable mass at the pylorus, 
and signs of pulmonary tuberculosis, a diagnosis of tuberculosis of the 
pylorus should be considered. 

So far, only a few instances have been reported in which a biopsy, 
namely, the removal of a supraclavicular lymph node, has led to making 
the diagnosis of tuberculosis of the pylorus (Lusena, Garré, Melchior). 

From a clinical differential diagnostic point of view the following con- 
ditions must be considered: 


1: Carcinoma of the pylorus: This condition, above all others, has been confused 
with tuberculosis of the pylorus, and has been almost the invariable clinical 
diagnosis. Carcinoma, however, is usually encountered in later years, while 
tuberculosis has been observed most frequently in individuals between 20 and 
40 years of age. Evidence of tuberculosis in the family and past history is, of 
course, very significant. The nature of the pain is of little assistance, although 
it seems that in tuberculosis the pain comes on immediately after meals and 
this general condition may persist for several months before definite obstructive 
symptoms develop, while carcinoma pain may occur at any time and signs of 
obstruction develop earlier. A history of diarrhoea may make one think a 
little more seriously of tuberculosis, since constipation is the rule in carcinoma. 
By palpation the nature of the tumor, by virtue of its hardness and irregular 
outline, may be more suggestive of carcinoma than of tuberculosis. Gastric 
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analysis is not of much heip, because the occasional acidity found in tubercu- 
losis has also been observed even more often in carcinoma. Even histamine 
was not able to stimulate the production of acid in our case. Probably more 
weight should be put on the presence of a fever, which is indicative of an active 
tuberculous process and is very rare in carcinoma. 

Although it is thus obviously difficult to make a differential diagnosis by 
the ordinary clinical methods, it must not be thought that a diagnosis of 
tuberculosis can be made with any ease even at the operating table. A chronic 
tuberculous inflammation at the pylorus may simulate carcinoma grossly in all 
particulars, even to the involvement of neighboring lymph nodes. How diffi- 
cult such a diagnosis is may be gathered from a case reported by Ruge, in which 
not only the operator thought the tumor mass at the pylorous was cancer, but 
even the experienced pathologist diagnosed carcinoma after examining the 
gross specimen. It was only after histological sections were made that the 
true diagnosis was established. A similar instance was related by Lipscher. 
A reversal of this picture occurred in a case of Haberer’s, when a diagnosis of 
tuberculosis was made at the operating table, but another laparotomy made 
one-half year later showed that the condition was not tuberculosis but lympho- 
sarcoma. 

When numerous large caseous lymph nodes, however, are found near the 
tumor and in the mesentery, there is little doubt that the lesion is tuberculous. 
But the presence microscopically of tuberculosis in a regional lymph node does 
not necessarily prove that the lesion of the pylorus is also tuberculous. Mel- 
chior reviewed a case in which Kiittner resected the pyloric portion of a stomach 
which had a definite ulcer with no evidence of tuberculosis histologically, but, 
in a caseous lymph node along the lesser curvature and attached to the resected 
specimen, unmistakable signs of tuberculosis were found. ‘This case indicates 
the importance of making the diagnosis of tuberculosis from material taken 
from the pyloric mass itself. 

Nor must too much emphasis be placed on the presence of pulmonary tuber- 
culosis as an indication of tuberculosis of the stomach, because it is quite 
possible that a patient may well have phthisis and also have a nonspecific ulcer 
at the pylorus. Oppler, in discussing the case reported by Rother, described 
such an instance from his own practice. 

There also exists the possibility that cancer and tuberculosis may be found 
simultaneously at the pylorus, several such cases having been reported (Faltin, 
Claude, Frank, Simmonds). The case of Frank is particularly interesting 
because a supraclavicular lymph node was first removed for diagnosis and found 
to be tuberculous.. At operation the regional lymph nodes about the pylorus 
showed only tuberculosis; however, the patient, although temporarily benefited 
by the gastroenterostomy, died 4 weeks later, and at necropsy tuberculosis as 
well as adenocarcinoma was found at the pylorus and also in the periportal 
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lymph nodes. Frank concluded that the tuberculous process occurred first 
and that the cancer was a later addition; Simmonds in his case felt that the 
cancer was primary and the tuberculosis secondary. The simultaneous 
appearance of these two conditions was reviewed by Lubarsch as early as 1887. 


2: Pyloric ulcer: The differential diagnostic points in this condition are very 
much like those in carcinoma as mentioned above, with the possible exception 
of an increase in free hydrochloric-acid values, as well as the periodicity and 
chronicity which frequently accompany simple ulcers in this general region. 


3: Syphilis: Syphilis of the pylorus is also a rare condition and is diagnosed 
chiefly on the evidence of this disease elsewhere in the body, together with the 
presence of a mass at the pylorus. The chief clinical characteristics as given 
by Eusterman are (1) comparative youth, average 34 years; (2) the short dura- 
tion of the symptoms; (3) high incidence of positive Wassermann reactions; 
(4) usual absence of free hydrochloric acid; and (5) a characteristic prepyloric 
filling defect associated with a dilatation of the duodenalcap. The therapeutic 
test is the best for differential diagnosis. It is quite possible, however, that a 
patient may have syphilis and still have tuberculosis as the basis for stomach 
ulcers, as the cases of Margarucci and Chevassu well illustrate. On the other 
hand, it is also possible that some of the cases diagnosed tuberculosis because 
of the presence of giant cells may well have had syphilis instead, as Payr 
pointed out in the discussion of the case of Haberer. At the operating table 
an early case of syphilis at the pylorus is characterized by a diffuse enlargement 
with slight induration in the various layers of the bowel. This process extends 
well into the pyloric antrum, but is gradually lost further proximally in the 
stomach. The consistency of the bowel-wall makes it easily distinguishable 
from the hard carcinoma and from the moderately indurated active form of 
tuberculosis. This early form of syphilis at the pylorus is probably identical 
with certain forms of linitis plastica (Poncet and Leriche), the aetiological factor 
being the same, possibly, in both instances. 


4: Tumors of the pancreas may compress the pylorus, but these tumors are 
usually associated first with progressive jaundice, clay-colored stools, and 
frequently ascites; they are deeply situated and immovable. An enlarged liver 
and gall-bladder also point toward a pancreatic lesion. Cachexia and loss of 
weight are more prominent than in tuberculosis. 


5: Carcinoma of the gall-bladder, extrahepatic bile-ducts and liver may also 
obstruct the pylorus. The increased size of the liver, however, the jaundice, 
ascites, demonstration of a primary malignant tumor elsewhere, and lung 
metastases, as well as the absence of tuberculosis elsewhere in the patient, would 
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aid in the differential diagnosis. Malignant peripyloric lymph nodes may also 
be put in this category. 


6: Benign tumors of the stomach: Any benign tumor, such as a myoma, adenoma 
or papilloma, situated at the pylorus can cause obstruction, and, when such a 
condition is combined with tuberculosis in other parts of the body, the difficulty 
of diagnosis may be increased. Frequently, however, these growths can be 
seen by means of roentgen-rays. The gastric tests are nearer the normal; the 
whole course is usually so prolonged and has so many periods of remission that 
when cachexia comes on it is far later than in tuberculosis. Besides, the 
patients have a general appearance which does not suggest malignant tumor 
or tuberculosis. 


7: Floating kidney: A floating kidney has at times been credited with obstruct- 
ing the pylorus. The kidney, however, is easily displaceable and can be pal- 
pated in different parts of the abdomen. After the kidney has been replaced in 
its normal position, all signs of pyloric obstruction disappear. Furthermore, 
with newer roentgenological methods the position can be readily determined. 


8: Pylorospasm: Pylorospasm, which may be brought about by a neighboring 
ulcer or carcinoma or by appendicitis, or which may occur in hysteria, can be 
differentiated from a tuberculous process by its sudden onset and relatively 
short duration. 


9: Hypertrophic pyloric stenosis: This condition may be congenital and give 
symptoms immediately after birth. Since tuberculosis comes on later, this 
congenital stenosis hardly merits mention. Even in the adult the absence of 
pain, the very slow onset, the almost negative gastric analysis, make confusion 
with tuberculosis unlikely. 


TREATMENT 


An expectant medical treatment has not proved of benefit, because, 
even if the local infectious process at the pylorus should heal, stenosis 
would nevertheless result unless the lesion were very small (Dauwe). 
On the other hand, it is possible that the ulcer might perforate and 
produce a fatal peritonitis. At all events, the disease would run a 
chronic course and the patient would succumb to general weakness and 
cachexia. 

Operation can offer much more, even though it is called upon primarily 
because of the complications attendant upon tuberculosis of the pylorus. 
These complications are first and chiefly stenosis. The other complica- 
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tions are perforation into the peritoneal cavity (Struppler) and haema- 
temesis. If the process is chronic, a resection will remove the diseased 
tissue, restore gastric function, and improve the general condition of 
the patient to such an extent that he may combat more successfully the 
tuberculosis which may be situated in other parts of the body. Many 
years of life may thus be saved to the patient. If the tuberculous 
process is more acute, a gastroenterostomy will relieve the obstruction, 
improve the general nutrition, stave off the inevitable for months if not 
for years, and even make a subsequent resection possible. 

All types of operative interference have been employed in this condi- 
tion. The subjoined table, which represents a compilation of the statis- 
tics gathered by Lusena and those reported in this article, gives a brief 
summary of the operations and their results. 


Operations and Their Results 


Laparotomy: 4 cases. Died respectively 1 day, 4 weeks, 1 month, and “soon” 


after operation. 

Gastrolysis: 2 cases. One “not improved,” the other died after a “few 
months.” 

Pyloroplasty: 3 cases. “Healing” in 1 case. One died within 14 days; the 
other had a gastroenterostomy performed 1 year later, and died 2} months 


thereafter. 
Posterior gastroenterostomy: 39 cases. ‘Well’ 19. 

Well after 12 years. Case of Binaghi, 
quoted by Lusena. 

Well after 2 years. Case of Polozzo, 
quoted by Lusena. 

Well for 8 months. Death due to 
suicide. 

Well for 3 months, then anterior 
gastroenterostomy, then pyloric 
resection. Died 6 months later. 
Case of Lipscher. 

Died after 3 months: 2. 

Died after 2 months: 4. 

Died within 1 month: 4. 

Undetermined: 6. 

Anterior gastroenterostomy: 5 cases, with the survival time 3 days, ‘‘some”’ 
months, 1 year, 18 months, and “relieved”’ respectively. 

Gastroenterostomy, kind not specified: 7 cases. Cases “well,” 2; the others 
died after 2 days, 4 days, 10 weeks, 3 months, and 5 months respectively. 


th 
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Resection, Billroth I: 1 case, reported ‘“‘well.” 
Resection, Billroth IT: 14 cases. One well after 10 years—case of Severin. 
Cases reported “‘well,”’ 10. Of the remaining 3, 1 died after 12 hours, and the 


other 2 after 18 days. 
Polya resection: 1 case. Died after 11 days. Reported by Broders. 


Kocher resection: 1 case. “Well.” 
Resection, type not specified: 2 cases. One died after 5 days and the other 


after 1 month. 
Gastroduodenostomy: 1 case. ‘‘Well.” 


Unfortunately, this summary does not represent the true picture of 
the results following operative interference for tuberculosis of the pylo- 
rus, and this discrepancy is due entirely to the incomplete manner in 
which many of the cases have been reported. For instance, the 8 cases 
of Dalziel are constantly referred to, but there is no proof whatever to 
make one think that the aetiological process was tuberculosis. Obviously 
the exclusion of these 8 cases alone would materially alter the results of 
gastroenterostomy. Incidentally, when Ricard and Chevrier wrote 
directly to Dalziel about these cases, they were not favored with a reply. 
In order to group the cases that recovered from the operation but about 
whose subsequent fate no record was available, the expression ‘‘well”’ is 
employed. It is only too apparent how extensively such cases are found 
under the group of resections according to the Billroth-II method, and 
how valueless such incomplete reports are. Although 80 cases were 
collected for this summary, undoubtedly many more cases occurred 
in actual practice. Probably some were not recognized at operation, 
and no microscopic examination was made because tissue for diagnosis 
was not available. Again, as the article by Lusena shows, the cases of 
Uffreduzzi, Serafini, Polozzo, Donati, and others very likely would never 
have been recorded had they not been included by Lusena. 

Under the group of posterior gastroenterostomies 6 were classed 
“undetermined” because the authors reported the patients as having 
died “‘soon” or ‘‘a few days” after operation. 

In those instances in which several different operative measures were 
employed the case was classified under the group of the first operation 
(Lipscher, Ruge). 

In view of all the inaccuracies and lack of completeness it is impossible 
to evaluate satisfactorily the merits of the various operations. On the 
basis of numbers, gastroenterostomy was the most popular, having been 
done in 51 of the 80 cases; 23 of the 51 patients, or 45 per cent, were 
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reported well. The posterior gastroenterostomy was by far the most 
frequent form. Of the 20 patients having had various forms of gastric 
resection, 13, or 65 per cent, were reported well. Pyloroplasties were 
unsatisfactory; Mayo-Robson, after having performed one, later re- 
proved himself for not having done a gastroenterostomy. He said: 
‘“‘With my present experience I should have performed gastroenterostomy 
and begun feeding at once and I believe the result would have been 
different.”” Gastrolysis and mere laparotomy were distinctly unsatis- 
factory. 

On a percentage basis, resection would seem the operation of choice, 
and indeed it has been so considered (Keller, Melchior). Others, par- 
ticularly those who have reviewed the subject (Zesas, Brunner), favored 
gastroenterostomy. ‘Those who favor resection point to the patient 
of Severin who was alive 10 years after operation; those favoring gastro- 
enterostomy are hard put to it to find an equally favorable result for 
their operation, even though they may refer to the patient of Binaghi 
who was living after 12 years, and that of Clairmont, reported by Demel, 
who was well after 18 years. The diagnosis in these two cases, however, 
is not satisfactory. 

After all, there really is no point to a discussion concerning which of 
the two operations is preferable, because the various pathological forms 
in which tuberculosis of the pylorus manifests itself make any one opera- 
tive procedure inadequate. In brief, any chronic form of tuberculosis 
of the pylorus which is moderately well localized, with no general involve- 
ment of the peritoneal cavity, and with no pulmonary lesions or other 
disease processes which would contraindicate a prolonged operation, 
should be resected. In this respect the dictum as to resecting tubercu- 
losis wherever it may be found would be followed. Ideal cases have 
been those in which the process at the pylorus was very chronic, not 
extensive, and with little or no manifestation of tuberculosis elsewhere. 

In fact, many cases of tuberculosis of the pylorus have been considered 
to be primary, and numerous attempts have been made to add to the 
few already reported (Alexander, Garré, Albu, Van Wart, Nordmann, 
and Luxembourg). Wahler has proposed the case of Severin for this 
select group, but unfortunately tuberculosis elsewhere in this patient 
has not been satisfactorily excluded. Biernath had better evidence in 
his case because tuberculin injections after operation were negative on 
three occasions. However, it would seem that a primary tuberculous 
lesion of the stomach must be so rare that all reports of such a condition 
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should be received with great scepticism; the difficulty lies in the fact 
that a tuberculous focus elsewhere in the body might have been over- 
looked, for, according to statistics gathered by Glaubitt and by Blas on 
individuals seen at necropsy with tuberculosis of the stomach, tubercu- 
losis was always manifest in other organs. Tuberculosis of the lungs 
was the commonest, occurring in 94 to 100 per cent of the cases; and 
tuberculosis of the bowel in 69 to 91.5 per cent, tuberculosis of the liver 
and of lymph nodes, 74 and 68.1 per cent, respectively. 

It seems that the contraindications for resection are an extensive, active 
involvement of the stomach and neighboring organs, a generalized peri- 
toneal tuberculosis, an active pulmonary tuberculosis, a marked tuber- 
culous involvement of the bowel, and a poor physical condition of the 
patient. The chief cause of death following this operation has been . 
“pneumonia,” which more likely was an acute exacerbation of the tuber- 
culous pulmonary process in the lungs at the time of operation. 

It must also be remembered that it is very difficult to make a diagnosis 
of a chronic tuberculous lesion even at the operating table, and for that 
reason many resections are done with the operator thinking that he is 
dealing with a case of carcinoma of the pylorus, and it is only when the 
resected specimen is examined that the real diagnosis is made. This 
error can be avoided if a frozen section of an involved lymph node is 
made at operation. There also remains the possibility that, in those 
hospitals where the pathological examination of operating-room speci- 
mens is not carefully supervised, a ‘‘cured” case of cancer of the pylorus 
may have been one of tuberculosis as well as one with a nonspecific ulcer. 
In reviewing these cases it was interesting to note the infrequency with 
which any attempt at all was made to stain for the tubercle bacillus. 

A gastroenterostomy is indicated only when a resection is not justified. 
Its chief purpose is to circumvent the obstruction, improve the general 
health of the patient, and possibly put him in a condition in which a 
resection may be attempted later. It is the operation for the acute 
tuberculous process and is essentially palliative. ‘That it was beneficial 
in so many cases might have been due to the fact that the condition was 
not tuberculosis to start with. 

A laparotomy is rarely done for tuberculosis of the pylorus because 
this stomach lesion is usually only incidental to the extensive involve- 
ment of the other organs as well as to the ascites which is generally also 


present. 
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Medical treatment alone has been abandoned. Dauwe reported a 
case which was treated for six weeks along conservative medical lines, 
chiefly by lavage and strong doses of hydrochloric acid. The patient 
gained 13 kg. in weight, but returned after three months with an exten- 
sive ascites. He died ‘“‘soon”’ after laparotomy. 

The prognosis of this condition may be considered more logically after 
operation because the diagnosis is made either at operation or from 
material secured at that time. The more chronic the process is, the 
better is the prognosis. The best record of cure is one of resection for 
such a chronic condition, the patient being alive and well ten years 
after operation. Conversely, the more acute the inflammatory process 
is, the more rapidly will a fatal ending occur. Usually such acutely 
fulminating cases show also an active pulmonary lesion, and the cause 
of death is most frequently the pulmonary involvement and not the 
operation. An exception occurs when the operation stirs to activity an 
otherwise latent focus; in such instances a progressive and fatal peri- 
toneal tuberculosis may be found. The prognosis depends directly on 
the protective forces which the body can develop to combat the condi- 
tion, in addition to whatever benefit may result from operation. 


EXPERIMENTAL DATA 


An attempt was made to produce experimentally tuberculosis of the 
pylorus in a laboratory animal. The dog was chosen, not only because 
his stomach approximates in size, to some degree at least, that of man, 
but also because his stomach is like that of the human being in that it is 
of a primitive type and is not specialized either for meat or for plant 
food. Again, the gastric juice of the dog has been studied more exten- 
sively than that of any other laboratory animal, and for that reason a 
certain element of control was available. Furthermore, the dog’s stem- 
ach also lends itself well to roentgen-ray examinations. It was a little 
disquieting, however, to read of the low susceptibility of the dog to 
tuberculosis, and the possibility existed that it would be difficult to 
produce a tuberculous lesion of the pylorus in this animal; but from 
study of the article by Roemer, in which the whole subject of tuberculosis 
in the dog was reviewed, it was obvious that the dog could be given 
tuberculosis by subcutaneous, intraperitoneal, or intravenous injections. 
The feeding of tuberculous focd and the inhalation of air laden with 
tubercle bacilli have also been modes of infection. 
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Apparently a direct injection of tubercle bacilli into the bowel-wall 
at the pylorus had never been done, and this method was used in the 
two dogs the condensed protocols of which are given below. 


Dog I: January 29, 1931. Laparotomy was performed on a bull-terrier 
weighing 9kg. Twocubic centimetres of a suspension of bovine tubercle bacilli 
were injected into the anterior aspect of the pylorus, the attempt being made 
to reach primarily the submucous layer. The general condition of the animal 
did not change after the inoculation. There was no loss of weight, and the 
appetite was good. 

April 1, 1931: Another exploratory laparotomy showed a nodwlar thickening 
of the pyloric region but not sufficient to cause any obstruction. There were 
no local adhesions or signs of involvement anywhere else in the peritoneal 


Fic. 7. SECTION THROUGH THE ANTERIOR ASPECT OF THE PyLorus OF Doc I THAT HAD BEEN 
INOCULATED WITH TUBERCULOSIS 


The submucosa, SM, is greatly thickened, particularly at P, and has areas of acute and 
chronic inflammation. Acid-fast bacilli were present in large numbers. 


cavity, with the exception of a small lymph node in the lesser omentum. 
Three cubic centimetres of a suspension of human tubercle bacilli were then 
injected into the pyloric wall. 

April 4, 1931: Dog was found dead. Necropsy failed to reveal any cause 
of death, with the possible exception of slight pneumonia in the lower portion 
of the lower lobe of the left lung. After the stomach was opened along the 
lesser curvature, the mucosa appeared intact with no evidence of ulceration. 
The thickening of the wall was entirely anteriorly where the inoculations 
had been made. 

Histological sections of this area (figure 7) showed the mucosa intact, but 
with a large amount of small round-cell infiltration in the Muscularis mucosa. 
The submucosa had undergone the greatest change, being several times thicker 
than normal, with numerous areas having epithelioid cells, small lymphocytes, 
plasma cells, and fibrous-tissue cells. In other areas a clumping of the lymph- 
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ocytes and the frequency of polymorphonuclear cells suggested a more acute 
process. The muscle layers were also involved by the inflammatory processes 
but much less than the mucosa. Tubercle bacilli were found in large numbers 
in the entire section, but’ chiefly in the submucosa. 

This animal thus showed definite evidence of tuberculosis of the pylorus; 
however, the entire reaction of the animal indicated that it could deal with the 
local inflammatory process quite well, changing the acute into a chronic form. 
Undoubtedly, the chronic inflammation was due to the first inoculation; and 
it seems reasonable to consider the signs of the acute inflammation as having 
been due to the very recent injection, although it might still have been possible 
that the acute inflammation was due to the first inoculation. 


In order to determine whether a more chronic form of experimental 
pyloric tuberculosis would approach the conditions as found in man, a 
second dog was used. ‘The protocol follows: 


Dog II: January 22, 1931. Mongrel Boston terrier, weight 10 kg., was given 
a histamine test, using 0.9mgm. The fractional readings were: 


CC. OB- | 
TAINED | 


PERIOD CHARACTER 


Heavy mucus 

20% mucus, clear, 
gray 

12% mucus, clear, 

30% mucus, clear, 
gray 

50% mucus, clear, 
gray 


These readings are slightly lower than ordinarily found, although it is not 
unusual to find an absence of free hydrochloric acid in the fasting stomach. 

January 29, 1931: Under ether anaesthesia the abdomen was opened and 3 cc. 
of a fresh suspension of bovine tubercle bacilli (B1) were injected into the 
muscle and submucous layer of the pylorus on its anterior aspect. The dog 
made an uneventful recovery, and appeared normal. 

April 1, 1931: Under ether anaesthesia the abdomen was again explored. 
The old incision had a few small nodular masses suggestive of induration. 
The pyloric region of the stomach, however, showed numerous small nodular 
masses, situated within the wall of the stomach. These masses were not hard, 
nor definite in outline, and had the consistency of soft rubber. A large lymph 


| = BINED | 

15 minutes after histamine............. 22 | | sf | 616 53 
23 | | 84 | 12 96 
45 saianeadnemaammeninas 25 | | 84 | 11 95 

| 
+ | | 40 | 1 | 41 

| | 
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node was in the retropyloric region. This node was lenticular in shape, about 
1.5 cm. long and 1 cm. in diameter. A small portion of this was removed for 
histological study. Numerous tubercle bacilli were seen in these sections. A 
small lymph node was also present on the lesser curvature at the pylorus. 
The remainder of the abdominal cavity was negative as far as a tuberculous 
infection was concerned; the serosa was smooth, with no adhesions; the mesen- 
teric lymph nodes were not abnormally large; no masses were felt in the region 
of the cisterna chyli. 

The animal lost weight gradually, and on April 28, 1931, weighed 7.9 kg. 
A histamine test on that day gave the following results. Titration was difficult 
because of the dark color of the stomach contents; the readings are, therefore, a 


little high. 


cc. OB- TOTAL 
PERIOD TAINED CHARACTER ACID 


Fasting 2 | Dark, with foul 20 40 

odor 
15 minutes after histamine 6 | Ditto 77 97 
30 minutes after histamine 17 Ditto 70 80 
45 minutes after histamine 14 Ditto x 141 
75 minutes after histamine 10 Ditto 80 110 


From this day on the dog’s condition improved, although it had been hoped that 
the tuberculous process would increase in activity. The incisions were in good 


condition. 
May 14, 1931: Weight 8.5 kg. Histamine test yielded the following data: 


CC. OB- | 


PERIOD TAINED | CHARACTER 


Fasting No 
15 minutes after histamine 17. | 20% mucus, clear, 
gray 

30 minutes after histamine 10% mucus, clear, 
gray 

45 minutes after histamine 15% mucus, clear, 
gray 

75 minutes after histamine trace of mucus, 
clear, gray 


In view of the highly improved condition of the animal it was felt that the 
tuberculous process was not gaining ground. The low readings for the fasting 
stomach were not very different from the first determination. 


0 0 0 
83 10 93 
107 12 119 
111 16 127 
s2 | 10 | 92 
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It was felt that the whole diseased portion of the stomach might be removed, 
and thus furnish a counterpart for those clinical cases in which tuberculin tests 
were made before and after resection (Biernath). 

May 15, 1931: Laparotomy revealed a large lymph node in the retropyloric 
region, obviously the same node from which a piece had been taken previously. 
The node was about twice as large as when seen on the previous operation and 
was slightly softer in consistency. The pylorus itself was only very little 
indurated, and seemed quite patent. In the first portion of the duodenum 
a few small shot-like masses were palpated. The whole picture was one of 
fibrosis, indicating repair. 

May 21, 1931: One milligram of tuberculin was injected into the skin of the 
lower abdomen, and on the following day a red, inflamed area, 2 cm. in diam- 
eter, was seen. This inflammation did not subside until two days later. The 
control injection was negative throughout. 

May 25, 1931: Another histamine test gave the following result. Weight 
8.5 kg. 


} | 
| CC. OB- | FREE 
CHARACTER 


| 

PERIOD | TAINED | | ACID 

| 


Fasting 
cloudy, gray 

15 minutes after histamine Trace mucus, 
clear, gray 

30 minutes after histamine............ 10% mucus, clear, 
gray 

45 minutes after histamine : 50% mucus, clear, 
gray 


75 minutes after histamine 


June 1, 1931: In view of the high acid values it was decided to do another 
test. Weight 9.0kg. The animal seemed in excellent condition. 


| OB- FREE 
TAINED CHARACTER ACID 


PERIOD 


Fasting No mucus, dark | 40 
brown 

15 minutes after histamine Ditto 

30 minutes after histamine Ditto 

45 minutes after histamine Ditto 

75 minutes after histamine Slightly lighter 
color 


| cole | 
— | ~ 
28 | 76 
| 
103. | 8 | 111 
| 
19 | 5 | 124 
| | 
| 
| 120 | 5 | 125 
| 
10 | 50 
50} {107.50 
10 |110 
8 |128 
6 |118 
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It was obvious that the tuberculous process was not affecting adversely the 
secretion of acid in the stomach, and that the animal would probably get better 
rather than worse. His weight had been increasing. It was decided to remove 
the entire diseased process by the pylorus, and see to what extent any organisms 
were still present. A roentgen-ray picture of the stomach showed a partial 
obstruction at the pylorus (figure 8). 


Fic. 8. ROENTGEN-RAY PiIcTURE OF STOMACH OF Doc II, BEFORE RESECTION OF PYLORUS, 
TO SHOW THE OBSTRUCTION OF THE PYLORIC SPHINCTER BY THE TUBERCULOUS 
Lympu Nopes (Fic. 10) 


June 12, 1931: The entire pyloric portion of the stomach, with about 1.5 
inches of the proximal duodenum, together with the lymph-node mass which 
had invaded the pancreas at the pylorus, was resected. The stump of the 
duodenum was closed, and a gastroenterostomy was performed. The animal 
made an uneventful recovery. 


q 
¥ 


SURGERY OF -TUBERCULOSIS OF PYLORUS 363 


Examination of the gross specimen showed no ulceration of the mucosa, but a 
weak place at the pylorus immediately adjacent to the large lymph node, which 
seemed softer than at the previous exploratory operation (figure 9). After the 
specimen was pinned on cork and fixed in formalin, a crevice formed at the 
pylorus. A section taken through this area (figure 10) showed a large lymph 
node, with a small central necrotic area surrounded by chronic inflammatory 
tissue; epithelioid cells, numerous clumps of lymphoid tissue, and acid-fast 
bacilli were seen. A small lymph node having the same histological picture 


Fic. 9. Mucous SURFACE OF THE RESECTED PYLORIC PORTION OF THE STOMACH OF Doc II 
Tuat Hap BEEN INOCULATED WITH TUBERCULOSIS, SHOWING THE CREVICE ON THE 
POSTERIOR ASPECT OF THE PYLORUS 


A lymph node, G, is seen projecting beyond the duodenal end. S, stomach; D, duodenum, 


as the node just described was situated in the crevice between the muscle 
layers. The submucosa in this region, particularly on the stomach side, also 
showed signs of chronic inflammation. Several large blood-vessels were near 
this small lymph node. The edges of the mucosal defect failed to show any 
evidence of an inflammatory nature. The muscle layer, except where it 
bordered on the submucosa and the serosa, did not seem to have been involved. 
In brief, it appeared as if the inflammatory process in the bowel itself had 
become limited and chronic and had almost disappeared, and that the neighbor- 
ing lymphoid tissue still showed extension of the infection. 

Since the section just described came from that portion of the pylorus which 
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was situated posteriorly, it seemed reasonable not to expect much change in the 
stomach wall because the inoculations of the tubercle bacilli were not made on 
the posterior aspect of the pylorus. When a section, however, was made from 
the anterior aspect of the pylorus (figure 11), the submucosa was again seen 


Fic. 10. SECTION ACROSS THE CREVICE SHOWN IN Fic. 9 
The large lymph node, G, as well as the smaller one, L, contained acid-fast bacilli. The 
entire bowel-wall, although in close contact with these nodes and broken by them, shows only 
slight evidence of inflammation. 


Fic. 11. SECTION OF THE ANTERIOR ASPECT OF THE PyLorus OF Doc II, SHOWING THE 
EXTENSIVE INFLAMMATION OF THE SUBMUCOUS LAYER, PARTICULARLY OPPOSITE A 


greatly increased in thickness, with numerous epithelioid cells, lymphocytes 
and plasma cells, and much fibrous tissue, with small areas suggesting early 
hyalinization. A search for tubercle bacilli was in vain. 

June 16, 1931: The tuberculin test was repeated, but this time it gave an 
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entirely negative response. Theoretically, the resected portion of the stomach 
and duodenum contained the infectious material responsible for the reaction, 
but it is nevertheless difficult to believe that all tuberculous tissue was removed 
by the operation. 

July 6, 1931: Dog was found dead. Necropsy showed a slight congestion of 
the lungs, hardly enough to have caused death. Examination of the peritoneal 
cavity was negative. No obvious cause of death was established. 


To sum up: Briefly, the experimental production in the dog of tuber- 
culosis of the pylorus was possible; however, the dog seemed able to 
cope with an inoculation of tubercle bacilli so well that all signs of an 
acute process were rapidly converted into those of a chronic inflamma- 
tion. Furthermore, the infection was soon shunted into the neighboring 
lymph nodes, leaving the stomach relatively free. What the ultimate 
fate of the large lymph node at the pylorus in the second animal would 
have been is, of course, difficult to predict; it did seem, however, that 
the node was getting larger and that the central areas were becoming 
necrotic; but the tubercle bacilli were few when compared with the 
number found at the first biopsy. The histamine tests showed that the 
stomach was able to produce hydrochloric acid in normal concentration, 
and that the tuberculous lesions at the pylorus were of no consequence 
as far as modifying the gastric acidity was concerned. 

According to Arloing, no local stomach lesions were obtained unless 
tubercle bacilli were injected into the blood-stream in addition to the 
local inoculation. From the two protocols just given it would seem that 
the intravenous injection of the bacilli is not necessary, and it is reason- 
able to believe that the additional blood-stream infection merely aided in 
weakening the body by disseminating the tuberculous infection. 

Of interest was the tuberculin test, which was definitely positive be- 
fore the pylorus was resected. Certainly the presence of tubercle bacilli 
in the pyloric lymph node would almost guarantee a positive test. But 
whether it is reasonable to assume that all tuberculous tissue was re- 
moved by the resection seems doubtful, even though the postoperative 
tuberculin test was entirely negative. 


SUMMARY 


In addition to the 53 cases of tuberculosis of the pylorus treated sur- 
gically and collected by Lusena in 1921, 26 more cases are here briefly 
abstracted from the literature and a new one is added. Because of the 
incomplete manner in which many cases have been reported, a satisfac- 
tory statistical survey is not possible. . 
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The condition is commonest in individuals 20 to 40 years old, and has 
affected males more than females. 

Pathologically the condition is primarily in the submucosa, with 
extension to the mucosa and the formation of ulcers. The process may 
be acute or chronic; in the latter form it is difficult to differentiate it 
from carcinoma. The mode of infection has never been satisfactorily 
explained, and it is furthermore doubtful whether a case of true primary 
tuberculosis of the pylorus has ever been observed. 

The diagnosis is difficult because there are no pathognomonic signs. 
An illness extending over a period of a year or more, accompanied by 
signs of pyloric obstruction, diarrhoea, fever, and tuberculosis elsewhere, 
is highly significant. Biopsy of a supraclavicular lymph node may aid 
very materially in making the diagnosis. 

The differential diagnosis must involve consideration of carcinoma of 
the pylorus, syphilis, gastric ulcer, carcinoma of the biliary tract and 
head of the pancreas, metastatic carcinomatous lymph nodes at the 
pylorus, and benign tumors of the stomach. 

The only treatment which was at all effectual was surgical. The 
operative measures that were the most successful were a gastroenteros- 
tomy and a resection. The resection gave the higher percentage of 
statistical cures, chiefly because the process was chronic and the tumor 
considered to be cancer. The true diagnosis was not made until the 
routine sections were seen. The lower percentage for gastroenterostomy 
was partly due to the fact that this operation was frequently done for 
palliative reasons only. The operation of choice is a resection for 
chronic cases and a gastroenterostomy for more acute ones. In any 
event, the prognosis is bad. 

Attempts were made to produce this condition in dogs by injecting 
tubercle bacilli into the pyloric region. The acute inflammatory process 
which appeared in the stomach wall was soon transferred to the neighbor- 
ing lymph nodes, leaving the original site of inoculation with only a few 
signs of a chronic inflammation. 
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THE VIRULENCE OF THE ATTENUATED STRAIN OF TUBER- 
CLE BACILLUS R1 AFTER SERIAL PASSAGE THROUGH 
PREVIOUSLY TUBERCULIN-NEGATIVE GUINEA PIGS'? 


DONALD E. CUMMINGS 


The R1 strain of tubercle bacillus, now in its fortieth year of cultural 
existence, was observed to have lost part of its original virulence for 
small experimental animals within two years of its isolation. During the 
next few years this organism underwent further attenuation and finally 
failed to produce progressive disease in animals (1). Subcutaneous in- 
oculation into the groin of the guinea pig produces indurated and caseous 
superficial inguinal lymph nodes; the infection progresses to the deep 
inguinal, parailiac, and tracheobronchial lymph nodes but fails to involve 
the viscera. Inhalation infection results in the formation of small case- 
ous subpleural tubercles and large caseous tracheobronchial lymph nodes. 
The lesions resulting from infection with R1 do not tend to progress be- 
yond the lymphatics and resolution of pulmonary tubercles generally 
occurs. 

In February, 1922, Dr. E. R. Baldwin started an experiment intended 
to demonstrate whether or not the virulence of this organism could be 
exalted by repeated animal passage. He inoculated two guinea pigs 
(previously negative to tuberculin) subcutaneously in both groins, both 
axillae, and both sides of the neck with a heavy suspension of an eleven- 
day-old broth culture of R1. 

The general procedure has been to allow the animals to live their full 
life-span and then to reinoculate two recipient animals, also negative to 
tuberculin, with tuberculous tissue removed aseptically from the first 
animal dying in any pair. Skin tests of all the guinea pigs have been 
made frequently. Both of the guinea pigs originally infected were used 
for subinoculation, and the experiment has therefore developed in two 
main branches. 


1 From the Saranac Laboratory for the Study of Tuberculosis of the Edward L. Trudeau 


Foundation, Saranac Lake, New York. 
2 Read at the annual meeting of the National Tuberculosis Association, Syracuse, New 


York, 1931. 
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A chart of the sequence of events isshowninfigure1. The first branch 
is illustrated on the right, the second branch on the left. The heavy 
lines indicate the main line of the passage; the lighter lines, auxiliary 
branches. ‘The serial number of the animal is denoted by heavy numer- 
als while the letter K indicates the intentional sacrifice of an animal, 
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GENERALIZED T.B. 
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GENERALIZED T.B. 


STILL LIVING 


apie tf OF THE OCCURENCES DURING THE SERIAL 
PASS: Ase OF THe STRAIN OF TUBERCLE BACILLUS THROUGH 
GUINEA PIGS FROM FEB.14, 1922 TO OCT. 16,1931. 


Fic. 1. For description see text 


rather than spontaneous death which ensued in the remainder of the 
guinea pigs. 


The guinea pig originally infected in the first branch was killed after 1,361 
days and showed only superficial lymph-node involvement. The second pas- 
sage animal in this branch was sacrificed on the 1,379th day and disclosed in- 
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durated inguinal lymph nodes, but there were also numerous caseous tubercles 
in the lung, spleen and liver. The two animals receiving tissue from the second- 
passage guinea pig died of generalized disease on the ninety-first day. The 
infecting organism was henceforth highly virulent, since death ensued within 
three weeks after subcutaneous inoculation in some of the later passages. 
This branch of the experiment was discontinued after having attained the 
eleventh passage in August, 1930. 

The collateral branch of the experiment has also been followed since the 
original inoculation in 1922. Virulent infection developed in the first line 
during the second passage about seven and a half years after the original 
inoculation. When this occurred the second line had progressed to the fourth 
passage and the guinea pigs involved had been infected for more than three 
years. Both of these animals reacted vigorously to tuberculin and came to 
autopsy about three and a half years after inoculation. One of them was 
found to have only slightly indurated inguinal lymph nodes and the second 
showed a few fibrous pulmonary tubercles containing occasional acid-fast 
bacilli. 

For nearly two years after the appearance of virulence in the first branch, 
the infections in the collateral branch remained typical of Ri. As more ani- 
mals were subinoculated, several auxiliary lines developed. On April 17, 1931, 
a seventh-passage guinea pig in one of these auxiliary lines was found dead of 
generalized tuberculosis. This guinea pig and a companion animal had each 
been inoculated with the same quantity of the same suspension of crushed 
spleen from a sixth passage animal, 139 days previously. 

The companion animal was immediately killed and the only evidence of tu- 
berculosis consisted of fibrocaseous disease in the superficial and deep inguinal 
lymph nodes on the side of infection. Subinoculations in duplicate were made 
from the tissues of each of these guinea pigs. Material from the first animal 
caused death from generalized tuberculosis in six and nine weeks respectively; 
that from the second has failed to produce progressive disease, although the two 
recipients react vigorously to tuberculin. 

Only recently two sixth-passage guinea pigs in this second branch have died. 
One animal lived over 300 days after infection, and the other over 500, but 
neither showed any unusual amount of disease. This branch of the experiment 
is still in progress nearly ten years after the original inoculations and is repre- 
sented at present by 6 guinea pigs. 

A culture was obtained from guinea pigs of the first line during the third 
passage, when the first significant indication of increased virulence appeared. 
The morphology of this culture led to the belief that it was probably bovine in 
its characteristics, and consequently the virulence of the strain for the rabbit 
was tested by inoculating doses of 1.0 mgm. and 0.01 mgm. intravenously. 
The type test-rabbits died of generalized tuberculosis in 20 and 60 days respec- 


} 


372 DONALD E. CUMMINGS 


tively. Three further passages of this strain through rabbits also resulted in 
death from generalized disease in from four to five months. Cultures recovered 
from the type test-rabbits and also from the fourth and tenth passages of the 
first line of this experiment have all been morphologically identical with the 
originally isolated virulent organisms. 

A culture was secured from the second branch of the experiment during the 
fourth passage at a time almost coincident with the appearance of virulence in 
the first branch. This culture resembled the stock R1 strain in its morphology 
and, when inoculated intravenously into rabbits in 1.0-mgm. and 0.01-mgm. 
doses, it failed to kill. 

Several attempts to recover a culture during successive passages in the 
second line were unsuccessful. Many plates were seeded with neutralized 
sediment obtained from the digestion of various tissues, but these cultures re- 
mained sterile for over two months and were eventually discarded. 

In the second line, as soon as virulence became manifest in one of the seventh- 
passage guinea pigs, an attempt was made to isolate a culture from this animal 
and from its companion which was killed asa control. From the first one with 
generalized disease a culture similar to the virulent strain isolated in the other 
branch was secured, but the plates inoculated from the companion animal’s 
tissues remained sterile. The culture obtained from the first guinea pig was 
inoculated intravenously into rabbits in 1.0-mgm. and 0.01-mgm. doses and 
killed them in 18 and 81 days respectively. Finally a similar culture was iso- 
lated from each of two guinea pigs subinoculated with the tissues of the animal 
dead of generalized tuberculosis. 


DISCUSSION 


It is readily agreed by all those who maintain cultures of tubercle 
bacilli over long periods that varying degrees of attenuation frequently 
occur. Considerable controversy exists over the possibility of restoring 
the original virulence to a culture which has been attenuated for many 
years. Animal passage is regarded as the favored method of accomplish- 
ing this purpose. This experiment was intended to demonstrate its 
efficacy in the case of the R1 strain, now forty years old. 

Nearly ten years after the primary inoculation, guinea pigs represent- 
ing various passages of the original infection are still alive. These ani- 
mals react vigorously to tuberculin but, with the exceptions noted in this 
experiment, exhibit a limited amount of tuberculosis confined to the 
lymph nodes, a condition which has been associated with R1 infections 
for many years. 

The benignity characteristic of most infections produced with this 
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strain is well illustrated in the first line of the experiment, in which both 
the first- and second-passage animals survived for over three and a half 
years. It was then decided to discontinue the experiment and the last 
animal was killed. This guinea pig was large, fat, and- apparently 
healthy nearly four years after inoculation, and yet autopsy disclosed 
caseous lesions in its lungs, spleen and liver in addition to the indurated 
lymph nodes normally expected. Because of the unusual nature of the 
disease in this guinea pig, its tissues were subinoculated into two more 
animals; both of them died from generalized tuberculosis in 70 days. 

The infecting organisms in the first branch proved to be highly viru- 
lent for both guinea pigs and rabbits, while a subsequent culture isolated 
from the second branch still resembled the stock R1 strain and possessed 
a limited pathogenicity for guinea pigs and none for rabbits. The ques- 
tion therefore arose as to whether the original strain was in the process of 
regaining virulence or whether a spontaneous superinfection with viru- 
lent bovine organisms had taken place in some of the guinea pigs em- 
ployed. 

After having proved that the first virulent culture isolated in this ex- 
periment was pathogenic for the rabbit, it seemed not improbable that 
the original R1 culture might have been bovine in origin. A careful 
review of the history of the R1 strain was made by Gardner (1), who 
concluded that the organism was probably of human type. Within two 
years after its isolation this strain was not pathogenic for the calf or the 
rabbit, even when very large doses were injected. The historical data 
and the contradictory evidence from the present experiment stimulated 
further investigation of the cultures and the conditions surrounding the 
experiment itself. 


The virulent culture primarily isolated from the first line of this experiment 
was quite thoroughly studied. It was definitely dysgonic when first isolated, 
but it now grows fairly luxuriantly on a glycerol-containing medium. It has 
been cultivated on coagulated serum with and without glycerol, glycerol-agar, 
glycerol-broth, Long’s synthetic medium, potato-bile, and Petroff’s gentian- 
violet-egg, both plain and enriched with sodium taurocholate. It has been 
grown on liquid and solid media enriched with normal guinea-pig blood and 
antiserum. 

On all these media the culture resembles the virulent bovine culture B1 
which was isolated in this laboratory many years ago. Upon adding phenol- 
red to Long’s synthetic broth the reaction of the medium was observed to 
follow the curve described by Theobald Smith as characteristic of a bovine 
culture. 
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It was recognized soon after isolation that this strain might represent a 
mixed virus or an original bovine culture which had undergone spontaneous 
dissociation from a nearly pure R type to a nearly pure S type. Consequently, 
for approximately two years it has been repeatedly transplanted in such a way 
as to permit the development of isolated colonies after the method described 
by Petroff (2). A careful search of hundreds of plates has been made for colo- 
nies which might resemble the distinctive ones of the original R1 strain, but 


Fic. 2. A: Single colonies of the glycerine-broth stock culture of R1 after first transplan- 
tation to Petroff gentian-violet-egg medium containing sodium taurocholate. 
B: Single colonies of the organism, isolated from guinea pigs dying with generalized 
tuberculosis during the serial passage of the R1 strain, growing on the same medium. 


thus far none has been found. (See figure 2.) While different types of colonies 
have been repeatedly noted there has been little or no stability of morphology 
in these types when transplanted to new plates of media. The colonies which 
appeared to have R characteristics, invariably returned to S forms despite the 
use of all the known methods for producing rough types. A more complete 
account of the colony types found in the attempted dissociation of this culture 
will appear in another publication. It is sufficient to state here that the cul- 
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ture is still highly virulent, that it contains no detectable avirulent elements 
and that it does not resemble in any single respect the typical stock culture of 
R1 but does closely resemble a virulent bovine strain. 

The well known bovine strain B1 has been plated by the same technique for 
over a year and the various types of colonies are apparently identical with the 
colonies found in the culture isolated in this experiment. In work to be re- 
ported by Gerald R. Dowd (3) repeated attempts have been made to dissociate 
the stock culture of R1, but this had failed to disclose any colonies resembling 
those in the virulent strains mentioned above. 

As a further test of the possibility of the R1 culture still possessing bovine 
characteristics, two rabbits were inoculated intravenously with enormous doses 
(7.5 mgm.) of the stock culture. Roentgenograms were made of the rabbits 
and, since progressive disease failed to appear, one of the animals was killed 
at two months; it showed absolutely no trace of the infection. The remaining 
animal was reinoculated with 8.0 mgm. of R1 and is still alive and apparently 
healthy ten months after the last infection. Surely the rabbit should offer 
a most favorable medium for the development of any virulent bovine charac- 
teristics in a culture, yet, as Gardner (1) has pointed out, not a single instance 
of progressive tuberculosis has occurred in rabbits receiving R1 in this labora- 
tory for many years. 

An experiment was undertaken to attempt to prove that the freshly isolated 
avirulent strain and the R1 culture were homologous. Griffith (4) and Dawson 
(5) have shown that living R types of pneumococcus are transformed into liv- 
ing S types by injecting mice with living R organisms together with large 
quantities of killed homologous S organisms. Guinea pigs were therefore inocu- 
lated with living R1 culture and the killed virulent strain under conditions simi- 
lar to those used by the investigators mentioned. Control animals were in- 
oculated with Ri culture alone, and others with the killed avirulent culture. 
It was hoped that, if these two cultures were homologous types of the same 
strain, the living attenuated R1 would be transformed into the virulent type 
which had been recently isolated. This transformation has failed to occur and 
animals in all the various groups are still living eighteen months after the inocu- 
lations. Those animals coming to autopsy have shown reactions typical of 
either an R1 infection or that due to the injection of dead bacilli. This ex- 
periment is considered as negative evidence for the identity of the two cultures. 

Willis (6) has reported the results of a more rapid passage of the R1 strain 
through nearly 700 guinea pigs. In two instances he states that a virulent 
infection developed. He was able to isolate the organism in one of these in- 
stances and generously supplied a transplant for comparison with the strain 
obtained in this laboratory. The culture obtained from Willis was uniformly 
virulent for the guinea pig but was not virulent for the rabbit when 1.0-mgm. 
or 0.01 mgm. doses were inoculated intravenously. His culture indeed does 
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not resemble either the culture isolated during this experiment or the stock 


culture of R1. 

The original R1 strain was observed to have become partially attenuated 
within two years after its isolation, whereas the virulent bovine culture Bl 
isolated twenty-nine years ago in this laboratory has constantly maintained a 
high degree of pathogenicity for guinea pigs and rabbits. The virulence of the 
strain just isolated in this experiment was tested after two years growth on 
artificial media and failed to show any evidence of attenuation. 


The evidence presented seemed quite convincing that spontaneous 
superinfection was the more probable cause of the appearance of viru- 
lence. Some factors are strongly opposed to the transmutation hypothe- 
sis for the observed changes in R1: first, the virulent culture isolated in 
this experiment could not be dissociated into any avirulent strains; sec- 
ond, this culture has failed to become attenuated in the same period dur- 
ing which R1 originally developed a marked loss of virulence; third, this 
culture does not resemble the original R1 strain in colony morphology or 
animal virulence; fourth, it is not the same type as a virulent culture iso- 
lated by Willis after the passage of R1 through guinea pigs, since his 
culture was not pathogenic for rabbits. 

Perhaps the strongest argument in favor of spontaneous superinfection 
is the fact that animals infected with the virulent bovine strain, B1, were 
quartered near the animals in this experiment during the period within 
which this type of organism was isolated. 

These conclusions were presented at the Syracuse meeting of the 
National Tuberculosis Association in 1931. Since that time confirma- 
tory evidence has appeared in one of the collateral branches of the second 
line in which a guinea pig was also found dead of generalized tuberculosis. 
The companion animal which had received the same amount of the identi- 
cal suspension used to infect the first guinea pig was still alive. The 
second animal was killed and it exhibited an infection typical of R1. 
Cultures of both animals were attempted. A strain identical in all 
respects to the virulent strain in the first branch was isolated from the 
guinea pig with generalized tuberculosis. No culture could be grown 
from the companion guinea pig, but this is not unusual for it has been 
found possible to secure cultures from R1-infected guinea pigs in only a 
small percentage of cases. 

Animals subinoculated from the tissues of the guinea pig dead with 
tuberculosis also died promptly from generalized disease, while progres- 
sive infection has failed to develop in the animals subinoculated from the 
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companion guinea pig, despite the fact that they react vigorously to 
tuberculin. One of the latter animals was found dead of an intercurrent 
infection forty-seven days after inoculation and at autopsy showed only 
an indurated inguinal lymph node with pinpoint areas of caseation. 
Several animals in the second line of the passage have died recently 
after more than a year of infection without displaying a greater degree 
of tuberculosis than that expected from R1. 

This finding has strengthened the evidence against transmutation, 
since it would seem rather difficult to produce a marked change in the 
characteristics of an organism in only one of two guinea pigs inoculated 
with the same dose of the same suspension of tuberculous material. It 
surely would appear more logical to suspect an exogenous reinfection. 

Because of the occurrence of generalized tuberculosis in two isolated 
instances in this experiment, a study has been made of the tuberculosis 
occurring in all of the guinea pigs inoculated with Ri during the past 
several years in this laboratory. Several other instances of spontaneous 
tuberculosis in guinea pigs have been discovered and they are dealt with 
in a general analysis appearing in two subsequent papers. These reports 
substantiate the conclusion drawn from this experiment, that the pro- 
longed serial passage of the attenuated strain, R1, through guinea pigs 
has not increased its virulence, but that in two instances a spontaneous 
superinfection with virulent bovine organisms has probably occurred. 


SUMMARY 


1. The results of the serial passage of R1 through guinea pigs over a 
period of ten years are reported. 

2. The infection is regarded as showing little or no modification from 
the degree of virulence possessed at the time of primary inoculation. 

3. The occurrence of two instances of virulent bovine infection in this 
experiment is attributed to spontaneous superinfection acquired from 
animals quartered in the same room in the animal house and infected ' 
with the virulent bovine strain, B1. 
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GENERALIZED TUBERCULOSIS IN GUINEA PIGS INFECTED 
WITH THE ATTENUATED STRAIN OF 
TUBERCLE BACILLUS RI! 


DONALD E. CUMMINGS anp GERALD R. DOWD 


The low virulence of the Ri strain of tubercle bacillus for the guinea 
pig has been thoroughly established by scores of investigators who have 
employed this culture in countless experiments during the past forty 
years. Undoubtedly, the chief factor responsible for the long and suc- 
cessful use of R1 has been the uniformity of the infection obtained with 
it. The culture became definitely attenuated within two years of its 
isolation and since that time it has been employed almost continuously 
in experiments which have recognized its low virulence. Among the 
many to have used R1 in this capacity are Trudeau (1), de Schweinitz 
and Schroeder (2), Baldwin (3), Krause (4), Willis (5) and Gardner (6); 
all of these observers have emphasized the inability of this strain to 


produce generalized disease. In 1916 and 1917 Krause wrote (7) (8): 


I have carried some guinea pigs that I inoculated subcutaneously with R1 for 
two years or more. At the end of this time I found all the viscera clean and 
normal to the naked eye It (R1) has never in my observation produced 
lesions sufficient to cause death. 


Subcutaneous inoculation generally produces indurated and caseous 
inguinal lymph nodes with no involvement of the viscera; inhalation 
infection results in the formation of caseous tracheobronchial lymph 
nodes; intraperitoneal injections of this organism produce tubercles in 
the omentum and occasionally in the spleen and liver. Guinea pigs 
receiving even large doses of this strain do not lose weight as a rule, 
but continue to thrive and appear healthy. During the first few months 
following infection the lesions produced are usually caseous, and acid- 
fast organisms can be detected in them by proper staining. Later, the 
tubercles become fibrous and fewer bacilli are detectable; eventually only 
small indurated lymph nodes, in which no organisms can be found, mark 


1 From the Saranac Laboratory for the Study of Tuberculosis of the Edward L. Trudeau 
Foundation, Saranac Lake, New York. 
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the site of the disease. Gardner (6) has demonstrated that the pulmo- 
nary tubercles produced in the guinea pig by inhalation of this organism 
generally resolve, leaving only fibrous nodules in the tracheobronchial 
lymph nodes. 

Hypersensitiveness to tuberculin usually develops about the tenth day 
after infection and persists for two years or morein most instances. The 
intensity of the skin reaction varies considerably, but gradually decreases 
from the maximum reached after three or four weeks to the slight ery- 
thema or induration obtained with the same guinea pig two years later. 
Even these fading reactions can generally be strengthened by increasing 
the strength of the tuberculin used for testing (Willis (9)).° 

The isolation of cultures from guinea pigs infected with R1 has proved 
to be a difficult procedure, since media inoculated with fresh caseous ma- 
terial or concentrated sediments of digested tissues often remains sterile. 
It is generally necessary to use large numbers of plates or tubes to secure 
even a few scattered colonies from animals inoculated recently enough to 
still show caseous lesions containing acid-fast bacilli. After the tubercles 
become fibrous and organisms can no longer be demonstrated in stained 
preparations, positive cultures are obtained only occasionally. This 
occurrence cannot be wholly attributed to the dying out of the virus for 
the infection can still be transferred to other guinea pigs. 

A few observers have reported death from generalized tuberculosis in 
guinea pigs infected with R1. In 1921 Baldwin and Gardner (10) noted 
generalized disease in 5 of 40 guinea pigs receiving an inhalation infec- 
tion with Ri. They raised the question for the first time as to whether 
the strain had become contaminated or had gained in virulence. Sub- 
inoculation of the tissues of one of these animals failed to produce pro- 
gressive tuberculosis and they consequently attributed the generalized 
infection to the poor condition of the inoculated animals. In a later 
series of 7 guinea pigs, inoculated subcutaneously with R1, four developed 
generalized disease and the tissues of one of the infection controls proved 
to be virulent for recipient guinea pigs. In this instance the infection 
was not readily accounted for and was attributed to an accidental rein- 
fection with virulent organisms. Experiments involving large numbers 
of guinea pigs infected with this strain often extend over the full life- 
span of the animals. During the three- or four-year period required 
for the completion of such experiments, it should be borne in mind that 
opportunities for the loss of identification or for accidental interchange 
are always liable to occur. 
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Rosenberger (11) in 1924 reported the autopsies of 2 guinea pigs in- 
oculated intraperitoneally with 2.5 cc. of a salt-solution suspension from 
a glycerin-agar growth of this strain. One of these animals was killed 
after six months, and showed large caseous masses in the abdomen as well 
as lesions in the liver, spleen, epididymis, and testicle. The other ani- 
mal died about two years after inoculation and was also found to have 
large, caseous masses in the abdominal cavity, but it did not exhibit 
gross lesions in the lung, spleen, liver or kidneys. Unfortunately the 
tissues of these animals were not used for subinoculation, so that it is 
impossible to conclude definitely whether the culture employed had re- 
gained part of its original virulence. 

In 1925, Webb, Ryder and Boissevain (12) published an account of 
the infections produced in guinea pigs by a culture of the R1 strain 
which they had received from Krause. The culture had become con- 
taminated in making transplants and was therefore put into a guinea pig. 
This animal remained in apparently good health for more than a year 
and then became thin and sick and died 15 months after inoculation. 
At autopsy it showed extensive generalized tuberculosis and the lesions 
were subinoculated into three more guinea pigs. Two of these animals 
were found to have advanced generalized tuberculosis after three and 
a half months while the third died seven months later and showed tu- 
berculosis of the inguinal lymph nodes only. A culture was recovered 
from one of the subinoculated animals dying with generalized disease 
and proved to be virulent for two guinea pigs infected with it. A single 
animal infected with a contaminated culture, and then living for well over 
a year, does not constitute an adequate basis for the conclusion that the 
virulence of the strain in question was altered. 

The events occurring in the Saranac Laboratory during the prolonged 
serial passage of R1 through guinea pigs have been discussed in a previ- 
ous communication (13). The appearance of virulent tuberculosis in 
that experiment during the year 1929 was attributed to spontaneous 
superinfection with a virulent bovine organism. A study of the tubercu- 
losis occurring in all the guinea pigs infected with this organism over the 
same period in other experiments was consequently undertaken. Since 
1928 animals infected with a virulent bovine strain had been quartered 
in the animal house for the first time in many years and it was therefore 
decided to include the animals inoculated from 1918 to 1928 in one group, 
and, in a second, those infected since that date. 

During the years 1918 to 1928, 679 guinea pigs were infected with R1 
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in this laboratory and, of this number, 503 were selected as not having 
been subjected to procedures which might influence the course of their 
disease. In the group of 503, six, or 1.1 per cent, were found with an 
unexpected amount of tuberculosis. From January, 1929, to May, 
1931, 656 more guinea pigs have been similarly infected and 338 were 
suitable for study. In the latter group, 57, or 16.85 per cent, have shown 
considerably more disease than was expected at autopsy. Twenty-six 
such cases were observed in 1929; twenty-three in 1930; and eight during 
the first four months of 1931. It would appear that during the last few 
years a new factor has attended the use of the Ri strain in this laboratory. 

The 57 guinea pigs which have displayed more tuberculosis than ex- 
pected were members of eight different experiments; the occurrence of 
this condition has been decidedly sporadic. Thirty-two of the animals 
were infected by inhalation, 23 subcutaneously, and 2 in the peritoneum. 
Among those that died an average period of 310 days following infection 
elapsed before death occurred. The disease in all the animals in this 
group is probably best described as generalized tuberculosis, but its 
manifestations noted at autopsy were often quite different. In many 
cases it was chronic in nature and characterized by fibrocaseous tubercles 
in the spleen and liver and fibrous proliferation throughout the lymph 
nodes, while in others it was more acute, with caseous and exudative 
lesions. In classifying the 57 animals under consideration, the lesions 
in 39 were considered to be chronic, with a tendency toward healing, while 
in 18 the disease was regarded as acute and progressive. 

The sudden appearance of rather extensive tuberculous involvement in 
animals infected with R1, so manifest from this statistical analysis, was 
not so readily recognized in the course of its occurrence. An occasional 
Ri infection control with considerable tuberculosis coming to autopsy 
among many other animals dead of generalized disease, though unusual 
and unexplained, did not prompt at once as complete a study of its cause 
as the occurrence demanded. Consequently there are many instances 
in which the autopsy record constitutes the only available evidence. 
With the repeated occurrence of this finding, however, greater attention 
was devoted to each animal and cultures and subinoculations were per- 
formed. 

Subinoculation of the tissues is undoubtedly the only proper basis for 
the determination of virulence. Guinea pigs, subinoculated with the 
tissues of animals exhibiting typical R1 lesions, generally develop lo- 
calized disease similar to that in the original hosts. Experience has 
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demonstrated that when guinea pigs are infected with a mixture, con- 
taining large numbers of Ri bacilli and a very small quantity of virulent 
tubercle bacilli, subinoculation of the resultant lesions regularly results in 
generalized visceral tuberculosis. ‘The method is therefore adequate to 
detect even minute amounts of contamination. It has been a routine 
procedure to allow subinoculated animals to live for seven months before 
they are killed. During this period they have been tested three or four 
times by the intracutaneous injection of tuberculin. 

The experience with subinoculation of tissues from guinea pigs exhibit- 
ing typical Ri lesions has been extensive. During the last three years, 
229 animals have been so tested. Sixty-one of them were members of 
infection-control groups of various experiments. No _ subinoculated 
animals developed generalized visceral tuberculosis. In three instances, 
small fibrous tubercles were noted in the spleens but these lesions were 
nonprogressive and the limited extension of the infection suggested 
that either the recipient guinea pig was unusually susceptible or that the 
material injected happened to contain an exceptional number of organ- 
isms. ‘These results establish the reliability of the subinoculation method 
to determine the virulence of the infecting bacillus. 

Unfortunately not all of the 57 Ri animals with generalized tubercu- 
losis were tested by subinoculation. Of the thirty-nine whose disease 
was Classified as fibrous or healing, seventeen were further studied by 
this method. The subinoculated animals were killed after seven months 
and showed in each case the typical picture of R1 infection. Cultures 
were attempted from the tissues of nineteen of the 39 guinea pigs and only 
one furnished a growth of acid-fast organisms. This culture appears to 
be identical with the original R1 strain. 

Of the 18 guinea pigs whose disease was regarded as caseous or pro- 
gressive, five have been tested by subinoculation, which in every case 
resulted in death from generalized tuberculosis in 28 to 102 days. Cul- 
tures were secured from four of the five cases of virulent infection. These 
cultures were isolated by Dr. Dowd (13) and will be described in detail 
in a subsequent publication. Rabbits were inoculated intravenously 
with 1.0-mgm. and 0.01-mgm. doses of the four strains and three of the 
cultures promptly killed the animals in from 20 to 60 days. The fourth 
culture, whose virulence for guinea pigs has been repeatedly demon- 
strated, has been inoculated into four rabbits and it has failed to kill 
any of them. The appearance of the colonies and their virulence for the 
rabbit indicated that three of the strains were bovine in character, while 


the fourth was human in type. 
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DISCUSSION 


The demonstration of virulent organisms recovered from guinea pigs 
infected with the attenuated strain R1 has been a disturbing occurrence 
in the recent work of this laboratory. There are three possible explana- 
tions for this phenomenon: first, the R1 culture itself may have become 
contaminated; second, the strain may have regained its former virulence 
or undergone transmutation; and third, spontaneous superinfection may 
have intervened. 

The first possibility, that the R1 culture has been contaminated, is 
highly improbable. The great majority of guinea pigs inoculated with 
this strain still develop the typical infection expected of the culture 
and this would hardly be the case if a mixed virus was being employed. 
Every precaution is taken to insure against such an event in the trans- 
plantation and subsequent handling of the culture. Most reassuring of 
all is the fact that the rather definite cultural characteristics of the R1 
strain have remained unchanged for many years. It is fanciful to im- 
agine that both virulent bovine and human organisms have accidently 
contaminated the culture as would be suggested by the rabbit-typing 
experiments just described. 

An exaltation of virulence of attenuated cultures is theoretically pos- 
sible and might explain the appearance of generalized tuberculosis in 
infected animals. However, it would appear reasonable that if such 
were the case in this instance, the R1 culture would have manifested 
virulence prior to 1921. There was not a recorded instance of virulent 
generalized tuberculosis appearing in the hundreds of guinea pigs in- 
fected with this strain during the first twenty-five years following its 
attenuation. In 1919, Krause (4) wrote of R1: 


It appeared that its newly acquired inherent infectiousness was a fixed and 
static matter resisting all ordinary methods that aimed to change it. I have 
worked with the culture for ten years and in ail this time I have never noticed 
any variation of virulence in it. 


If the R1 culture has always possessed virulent potentialities, these 
should have been more apparent during its early history. Inasmuch as 
the cultural conditions have remained unchanged for the past twenty 
years or more, the 1921 episode and the more recent occurrences cannot 
be accounted for by a change of environment. Moreover, R1 has thus 
far resisted all artificial attempts to increase its virulence either by animal 
passage (14) or by dissociation (15). 
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If the culture is actually regaining its long lost virulence under certain 
undefined conditions, it is also in the process of transmutation, for two 
distinctly different types of bacilli have been isolated from various ani- 
mals infected with it. Until this subtle possibility has been substan- 
tiated by clearly defined experimental proof, we shall continue to agree 
with Cobbett who says (16) in his admirable survey of the work of the 
British Royal Commission: 


It may be said then in conclusion that direct experiment has not succeeded in 
proving that a tubercle bacillus of a given type can be transformed into one of 
another type by being made to reside in the body of a new host in which tu- 
berculosis, when it occurs, naturally is caused by the latter type of bacillus. 


What then has been the cause of the generalized disease in this series 
of guinea pigs? It would seem that they should be considered in two 
separate categories, a first comprising those from which only attenuated 
bacilli could be recovered and a second, those which yielded virulent 
organisms. 

The first group comprises 70 per cent of the animals. Cultures were 
exceedingly difficult to obtain,—one positive result out of nineteen at- 
tempts. This is characteristic of Ri lesions some months in duration. 

In this group there are several possible explanations for the generalized 
disease: The organisms may have been injected directly into a blood- 
vessel or a developing lesion may have ulcerated into one. The number 
of organisms in the injected material may have been excessive. The 
resistance of a particular animal may have been below normal. The 
products of reaction to the bacilli when injected with them may at cer- 
tain times favor a more rapid proliferation. The possibility of a pseudo- 
tuberculosis has been considered, but no definite evidence of such an in- 
fection has been demonstrated. Finally, accidental superinfection, either 
by ingestion or inhalation, in animals partially immunized by a pre- 
existing R1 infection might be responsible for spreading disease. In this 
case it is necessary to postulate that the reinfecting organisms were 
ultimately killed, for they do not produce a characteristic reaction in the 
subinoculated animals. 

The evidence does not permit any definite conclusion regarding the 
cause of the generalized disease occurring in this group of animals. It 
would appear that occasional guinea pigs (perhaps as high as 5 or 10 
per cent), infected with R1 organisms, will develop visceral lesions. 
Some of these infections may eventually result in the death of the animals. 
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The second group comprises those cases in which a virulent strain has 
been isolated from guinea pigs infected with R1 bacilli. The evidence 
has been interpreted to indicate that these organisms are the result of 
spontaneous superinfections. Although transmutation cannot be abso- 
lutely excluded it is most unlikely. The occurrence of such cases has 
been sporadic and they have generally been noted in animals that have 
survived for more than ten months after infection. The finding of both 
virulent bovine and virulent human types in various guinéa pigs infected 
with Ri has been difficult to interpret except on the basis of superinfec- 
tion, for R1 is apparently a definite human type of bacillus (Gardner 
(17), Cummings (14)). Generalized virulent tuberculosis appeared in 
the R1-infected guinea pigs shortly after the introduction of the virulent 
bovine infections into the animal house; it continued to occur during all 
the period these animals were left in nearby cages; and it has ceased to 
develop in the last six months following the removal of the sources of such 
infection. Not a single instance of virulent infection has been observed 
among a large group of animals infected with the R1 strain and quartered 
in separate rooms used for experimental dust exposures. Finally, con- 
tact tuberculous infection has been demonstrated in normal guinea pigs 
kept in the animal room in question during the same period (Cummings 
(18)). 

The one virulent human strain isolated may represent another spon- 
taneous superinfection, or may be a mutant of the R1 culture. Further 
study of this strain is still in progress and until this is completed the dis- 
cussion of mutation will be deferred. 


CONCLUSIONS 


1. Generalized tuberculosis has been observed in guinea pigs previously 
infected with the attenuated strain, R1. 

2. The animals developing generalized infections have been classified 
into two groups. The first group (approximately 70 per cent) shows 
chronic, fibrous, or healing lesions; the second group (approximately 30 
per cent) exhibits acute, caseous or progressive tuberculosis. 

3. The lesions of the first group have not produced progressive disease 
when subinoculated into guinea pigs and have furnished 18 negative 
cultures in 19 attempts. These findings are characteristic of typical 
R1 infections. The cause of the dissemination of the disease in these 
animals is still undetermined. 
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4. The lesions of the second group have regularly produced progressive 
disease when subinoculated into other guinea pigs and have furnished 
three virulent bovine strains and one virulent human strain, as deter- 
mined by quantitative injection into rabbits. 

5. The virulent bovine strains probably represent spontaneous super- 
infections derived from animals infected with a virulent bovine bacillus 
occupying adjacent cages in the same animal house. This hypothesis 
is substantiated by the fact that these infections developed coincidently 
with the housing of animals inoculated with bovine organisms and failed 


to appear after their removal. 
6. The one virulent human strain isolated in this study may represent 
a spontaneous superinfection or a mutant of the original R1 culture. 
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NATURALLY ACQUIRED TUBERCULOUS INFECTION 
AMONG SARANAC LABORATORY GUINEA PIGS! 


DONALD E. CUMMINGS 


The guinea pig is surpassed by only the monkey in its susceptibility to 
artificial tuberculous infection. Almost any pathway of infection will 
produce disease; the subcutaneous inoculation of as few as 10 fully viru- 
lent bacilli has resulted in generalized tuberculosis (1) (2). Intraperi- 
toneal infection is even more readily accomplished and a few inhalations 
of a dilute suspension of tubercle bacilli sprayed before the nostrils of the 
guinea pig almost always results in the formation of pulmonary tubercles. 
Only ingestion infection is apt to be uncertain, and it is generally agreed 
that normal guinea pigs frequently fail to develop tuberculosis after hav- 
ing been fed even large quantities of culture or tuberculous tissue. 

The extreme susceptibility of guinea pigs to artificial infection would 
suggest that they might acquire a natural tuberculosis very readily when 
caged near other tuberculous animals. It is well known (3) that captive 
monkeys frequently develop tuberculosis though the disease has never 
been noted in animals living under natural conditions. On the other 
hand, guinea pigs caged in infected surroundings contract tuberculosis but 
rarely. This unusual difference has never been completely explained 
but has been attributed to the clean feeding habits of the guinea pig. It 
is remarkable that this animal can be quartered for years in a small cage 
in the same room with several hundred infected animals and never 
develop a positive reaction to tuberculin, whereas civilized man, who is 
assumed to be infinitely more resistant to tuberculosis than the guinea 
pig and who recognizes hygienic principles of living, nearly always 
exhibits some evidence of infection by adult life, even though only 
moderate opportunities for contact with infection may have existed. 

In 1928, Lydia Rabinowitsch (4) sent copies of a questionnaire on the 
subject of spontaneous tuberculosis in guinea pigs to representative 
laboratories in various parts of the world. In 1929 she briefly reviewed 
the subject and published (5) the replies received from various investi- 


1 From the Saranac Laboratory for the Study of Tuberculosis of the Edward L. Trudeau 
Foundation, Saranac Lake, New York. 
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gators on both continents. Nearly all of the replies emphasized the 
extreme rarity of spontaneous tuberculous infection in guinea pigs: many 
stated that they had failed to observe it in thousands of animals. A 
few remarked on finding an occasional guinea pig dead with generalized 
tuberculosis when there was no history of a previous infection. These 
instances were generally attributed to accidental infection of the animals 
or to improper identification. In summary, Rabinowitsch notes that 
she herself had been unable to demonstrate contact tuberculous infection 
and that spontaneous disease is indeed rare in the guinea pig. 

Though the consensus of opinion appears to be that guinea pigs never, 
or almost never, contract tuberculosis naturally, there are several 
reports to the contrary. Koch (6) himself stated that he had frequently 
observed it, and that no guinea pig should be considered safe for experi- 
ments after living for more than three months in the same room with 
tuberculous animals. This statement was made before the value of the 
skin test had been recognized. Koch states that he never found a 
tuberculous animal in many hundreds bought for experimental purposes. 
After having been confined near tuberculous animals for several months, 
however, these noninfected guinea pigs often contracted the disease. 
He published a detailed study of 17 cases of this kind, and suggested that 
normal animals should be housed in separate quarters. In one of his 
experiments he reported that he was able to keep only a few normal 
animals free from tuberculosis for longer than a year and these developed 
the disease a few months later. 

Roemer (7) in his experiments on reinfection stated that normal 
animals invariably contracted tuberculosis when exposed for one year to 
infected cage-mates with open ulcers produced by large doses of virulent 
bovine bacilli. Feyerabend (8) reported an epizoétic of bovine tubercu- 
losis in guinea pigs, and he expressed the opinion that these infections 
were due to the feeding of milk from a tuberculous goat. Remlinger 
(9), in the Pasteur Institute, confined healthy guinea pigs with tubercu- 
lous animals for several months. Five normal guinea pigs in contact 
with animals having open ulceration developed tuberculosis, while thirty 
did not. Three normal guinea pigs in contact with tuberculous animals 
free from open lesions developed the disease while forty escaped infection. 
He stated that he was unable to infect healthy guinea pigs fed for a year 
on barley contaminated with the faeces of tuberculous animals and that 
infection rarely was transmitted from sick to healthy guinea pigs unless 
they occupied the same cage. | 
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Sewall and Lurie (10) also reported an epizodtic of tuberculosis in a 
large number of guinea pigs that had been exposed to polluted air and 
confined for several months in an overcrowded animal house. Perla (11) 
described the occurrence of tuberculosis in 2 guinea pigs injected with 
horse-serum about four months previously and he attributed these to 
wound contamination. To test the incidence of tuberculous infection 
among healthy guinea pigs quartered in the same room, he placed 4 
animals in each of 4 cages and distributed them in the different corners 
of the room. Two of the animals in one cage placed near tuberculous 
rabbits were found to have contracted the disease within nine months 
and the respiratory tract was regarded as the portal of entry. This find- 
ing prompted him to make an extensive study of the epidemiology of 
tuberculosis in healthy guinea pigs quartered in contact with tuberculous 
animals. Under conditions which appear to have been ideal for such an 
investigation he tested the relation of the incidence of tuberculous infec- 
tion in normal animals to the intensity of exposure with both open and 
closed lesions and also to the degree of crowding. His experiments 
extended over seven and a half months, and he concluded that normal 
animals exposed to tuberculous cage-mates with no cutaneous ulceration 
readily contract the disease. The incidence of the observed infections 
increased with the intensity and duration of the exposure and were 
considered to be contracted through the digestive tract. This latter 
conclusion was emphasized by a further experiment (12) in which he 
demonstrated tubercle bacilli in the faeces of guinea pigs infected by 
intraperitoneal inoculation. 

Recently Lurie (13) working in the same laboratory has published 
several papers on the experimental epidemiology of tuberculosis in 
guinea pigs. He reports that, with exposures varying from 93 to 421 
days, the incidence of contact tuberculosis varied directly with the degree 
of crowding and was as high as 25 percent. More startling is his finding 
that fifteen out of 103 normal animals placed in separate cages in the same 
room where tuberculous animals were housed developed the disease in 
periods varying from 240 to 960 days. After using cages especially 
designed to free the floor from faeces, contact infection was still observed 
but the incidence was not as great as otherwise. Lurie also stated that 
contact infection occurs by ingestion, while noncontact infection is 
brought about by inhalation. 

Griffith, who has had an unusually wide experience with a great many 
strains of tubercle bacilli over many years, has described (14) (15) spon- 
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taneous tuberculosis in several guinea pigs. He has identified the infect- 
ing organisms as of the bovine type in the majority of instances but he 
has also observed infections due to both human and avian types. 

Among the various replies to Rabinowitsch’s questionnaire was that 
from the Saranac Laboratory. Gardner stated that naturally acquired 
infection had not been noted in this institution, and cited an experiment 
in which, although excellent opportunities were presented for such 
infections, they had not occurred. He reported that in other experi- 
ments several instances of an unexpected infection had been observed 
but these were questioned on the ground that an accidental inoculation 
might have taken place. More recent experience in the Saranac Labora- 
tory has made it appear that under certain conditions the guinea pig may 
develop tuberculosis naturally. 

Two previous papers (16) (17) in this series have dealt with the occur- 
rence of generalized tuberculosis in some of the guinea pigs used for the 
serial passage of the attenuated strain of tubercle bacillus, Ri, and in 
several guinea pigs receiving a primary inoculation of the Ri culture. 
These instances have been attributed in part at least to spontaneous 
superinfection with a virulent bovine bacillus used to infect rabbits 
quartered in nearby cages in the same animal house. One of the chief 
factors responsible for this conclusion has been the observation of gener- 
alized tuberculosis due to a similar organism in two previously non- 
infected guinea pigs dying at about the same time. 


Guinea Pig 1: On January 11, 1930, a normal guinea pig, negative to intra- 
cutaneous tuberculin, was inoculated in the peritoneum with 2 cc. of a sterilized 
suspension of very fine sandstone particles. This animal, together with 
another guinea pig similarly treated, was placed in a small cage on the upper 
shelf of a tier occupying the centre of the main animalroom. Fifty days latera 
sample of the peritoneal fluid was withdrawn through a capillary pipette. 
The cage-mate was treated similarly but was killed 101 days after injection, no 
trace of infection being noted at autopsy. After this the remaining animal 
occupied the cage alone until October 4, 1930, when it was found dead 266 days 
after the dust inoculation. Autopsy disclosed massive, generalized tubercu- 
losis. The lungs contained large confluent caseous tubercles swarming with 
small acid-fast bacilli. The tracheobronchial lymph nodes were enormous and 
filled with bloody pus which also contained numerous acid-fasts. The spleen 
was enlarged to about twice its normal size and was studded with large caseous 
nodules. The omentum contained a few small dust nodules. The liver 
exhibited fatty degeneration and many large bile-stained caseous areas, in 
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which no acid-fast organisms could be detected on smear. The hepatic lymph 
node was enlarged and caseous. The mesenteric lymph node was only slightly 
enlarged but was also caseous. The inguinal and iliac lymph nodes were 
apparently normal. 

The spleen, tracheobronchial lymph nodes and mesenteric lymph nodes were 
each subinoculated into other guinea pigs, which died in 44, 61 and 72 days, 
respectively, from acute, caseous, generalized tuberculosis. 

Cultures were obtained from the lungs, tracheobronchial lymph nodes, 
hepatic lymph nodes and spleen of the original guinea pig. These cultures were 
all similar in appearance, and the colony characteristics on Petroff gentian- 
violet-egg media, to which sodium taurocholate had been added, indicated that 
they were probably bovine in type. A similar culture was also obtained from 
one of the subinoculated guinea pigs. A more complete study of the cultural 
characteristics of this organism has been made by Dr. Dowd and will appear 
in a subsequent publication. 

The culture was inoculated intravenously into two rabbits in 1.0 and 0.01 
mgm. doses. The rabbit receiving the smaller dose died of a secondary infec- 
tion within five days, but the rabbit receiving 1.0 mgm. of culture died in 27 
days with massive pulmonary tuberculosis, and showed caseous tubercles in 
the liver, kidneys, peritoneum and intestine. 


Guinea Pig 2: On March 24, 1930, six normal guinea pigs were injected in each 
groin with 2 cc. of a sterilized asbestos-dust suspension and placed in a large 
cage in the centre of the central cage tier of the main room of the animal house. 
Members of this group were killed 29, 59 and 112 days after inoculation and, 
except for small deposits of dust in the deep fascia of the groin, they appeared 
normal. A fourth animal was found dead January 13, 1931, 295 days after the 
injection of dust. Autopsy disclosed generalized tuberculosis. The lungs 
were thickly studded with large caseous tubercles and the tracheobronchial 
lymph nodes had been destroyed by a thick-walled abscess, 2 cm. in diameter, 
filled with soft yellow necrotic material. Smears from the lung and abscess 
showed large numbers of acid-fast bacilli. The retrosternal lymph nodes were 
similar to the tracheobronchial lymph nodes, but somewhat smaller. The 
spleen was enlarged to about twice its normal size and was studded with small 
caseous tubercles. The liver was slightly enlarged and furrowed, but showed 
no gross evidence of tubercle. The hepatic lymph node contained a caseous 
focus, while the mesenteric lymph nodes were apparently normal. The right 
inguinal and iliac lymph nodes were enlarged and caseous. 

Suspensions of tracheobronchial-lymph-node pus and digested lung sediment 
were each inoculated into other guinea pigs which died from generalized tuber- 
culosis in 44 and 49 days respectively. Cultures were secured from the lungs, 
tracheobronchial lymph nodes and hepatic lymph nodes of the original animal. 
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These cultures were all similar in appearance and exhibited bovine characteris- 
tics. A culture isolated from one of the subinoculated animals was identical 


with the original cultures. 
Two rabbits were inoculated intravenously with 1.0- and 0.01-mgm. doses of 
this culture and died in 20 and 74 days, respectively, of generalized tubercu- 


losis. 


Though the two guinea pigs described above cannot be considered as 
normal animals since they had each received an inoculation of dust, there 
are several factors which make it most difficult to exclude the possibility 
of a naturally acquired infection. The usual laboratory precautions were 
exercised in making the inoculations of sterilized dust suspensions. The 
inoculations were made at different dates and with different dusts, yet 
both animals developed a similar infection. Other animals treated with 
the same technique in each instance disclosed no trace of disease. The 
infection was highly virulent, as proved by subinoculation, yet the 
original animals lived for nine and ten months, respectively, after the 
introduction of the dust suspensions. The disease in both animals was 
particularly marked in the lungs and tracheobronchial lymph nodes and 
suggests an inhalation infection. Finally, the organism isolated in each 
case was a virulent bovine bacillus to which the guinea pig is particularly 


susceptible, and it is pertinent to observe that rabbits infected with a 
similar organism occupied cages immediately below both of these animals 


throughout the experiment. 
In addition to the two animals described above, 2 other cases have 


been observed recently. 


Guinea Pig 3: On February 10, 1931, twenty-five normal guinea pigs were 
placed in a large room used for experimental dust inhalation. These animals 
were placed two in a cage and were exposed for eight hours a day to an atmos- 
phere laden with quartz dust. This group of guinea pigs was never infected, 
but there were infected animals similarly caged and living in the same room. 
After 263 days, one of these guinea pigs was found dead with evidence of 
tuberculosis. The lungs contained two large abscesses in addition to the well- 
marked dust reaction. The tracheobronchial lymph nodes were enormous and 
caseous. A stained smear disclosed several typical acid-fast rods. The spleen 
was enlarged and filled with small yellow tubercles. The liver was also en- 
larged and contained many fine linear yellow tubercles. The hepatic lymph 
node was considerably enlarged and caseous, as were the inguinal lymph 
nodes. The mesenteric lymph nodes were apparently normal. 

A normal guinea pig inoculated subcutaneously with the sediment from a 
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digest of the tissues of the above animal died in 103 days with generalized 
tuberculosis. An eugonic culture was obtained from the spleen of the sub- 
inoculated guinea pig and it displayed the colony characteristics associated 
with the human type of tubercle bacillus. This culture was then inoculated 
intravenously into rabbits in 1.0 and 0.01 mgm. doses and failed to produce 


progressive disease. 


Guinea Pig 4: On March 3, 1930, three normal guinea pigs were inoculated sub- 
cutaneously in the right groin with a heat-killed suspension containing 6.0 mgm. 
of virulent bovine tubercle bacilli. ‘These animals were quartered together in a 
cage placed in the main room of the animal house. They were repeatedly 
skin-tested and at the end of four weeks all reacted vigorously to the intra- 
cutaneous inoculation of 0.1 cc. of 2percentO.T. Theskin tests were made at 
monthly intervals thereafter and at the end of the fourth month the reactions 
began to wane in intensity. Nine months after inoculation the tests were 
practically negative and no reactions were observed at fourteen months or 
again at sixteen months. No further skin tests were made but the animals 
were allowed to survive. Nearly two years after the original inoculation one 
of these animals was found dead of tuberculosis. There were no tubercles in 
the lungs, but the tracheobronchial lymph nodes were slightly enlarged and 
fibrous and also exhibited a small area of caseation. The spleen was not 
enlarged, but it was filled with many small fibrous nodules. The liver con- 
tained several caseous areas, while the hepatic lymph node was very large and 
caseous, with numerous acid-fast rods. The mesenteric lymph nodes were 
slightly enlarged and caseous; the inguinal lymph nodes at the site of inocula- 
tion appeared normal. 

One of the companion animals was killed on the same day as a control to the 
original inoculation. This animal exhibited a calcified plaque at the site of 
injection but was otherwise normal. The remaining animal is alive, negative to 
tuberculin, and apparently healthy two and a half years after the injection of 
dead bovine bacilli. 

A normal guinea pig was inoculated with the tissues of the animal which died 
of tuberculosis and this subinoculated animal was found dead thirty-four days 
later. Autopsy disclosed a generalized tuberculosis complicated by a pneumo- 
coccus pneumonia. 

Cultures were obtained from this subinoculated animal. This culture was 
eugonic, and resembled the human rather than the bovine type in colony 
characteristics. Rabbits were inoculated intravenously with 1.0 and 0.01 
mgm. doses and failed to develop progressive disease. 


The occurrence of generalized tuberculosis in guinea pigs inoculated 
with the attenuated strain of tubercle bacillus, R1, together with the 
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instances described above, prompted further study of the question. 
This experiment was intended to definitely establish or disprove the 
possibility of contact infection in the Saranac Laboratory. For this 
purpose normal animals were exposed in the same cage to other guinea 
pigs infected with tubercle bacilli of different types and degrees of viru- 
lence. A few guinea pigs were also included that had no definite contact 
other than that of the general atmosphere of the main animal quarters. 
The results to be reported here are those from a preliminary experiment 
involving only 21 animals. These animals will be considered under 5 
groups, representing intimate contact with a virulent bovine bacillus, a 
virulent human organism, a moderately virulent human strain, an 
attenuated human tubercle bacillus, and a group with no specific contact 
other than the general atmosphere of the animal quarters. 

All of the animals used in this experiment were born in thelaboratory and 
the complete life history of each has been recorded on an individual card. 
Each of the guinea pigs has been negative to the intracutaneous injection 
of 0.002 cc. of O.T. shortly before entering the experiment and has been 
retested at frequent intervals. The proposed procedure, if any of these 
normal guinea pigs should exhibit hypersensitiveness to tuberculin, was 
to retest them, and if the reaction was positive, the animal was to be 
killed. The autopsy was to be performed with sterile instruments and 
the tracheobronchial and mesenteric lymph nodes were each to be 
removed separately and subinoculated into other guinea pigs. ‘The same 
method was to be followed if the animal died from causes other than 
tuberculosis but presented evidence of tuberculous infection. Cultures 
were to be attempted in every instance in which tuberculosis was sus- 
pected, and the cultures obtained were to be typed in each case by 
subinoculating other guinea pigs and by inoculating rabbits with 1.0- 
mgm. and 0.01-mgm. doses. The significant data related to these ani- 
mals is recorded in tabular form below. 
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DISCUSSION 


The first 2 cases of generalized tuberculosis described as occurring in 
this laboratory in guinea pigs, previously inoculated with sterilized dust 
suspensions, are believed to be instances of a naturally acquired inhala- 
tion infection. The disease was thought to be naturally acquired since 
other animals injected at the same time with the same suspensions devel- 
oped no evidences of infection. About ten months elapsed after the dust 
injections in each instance before the animals succumbed to tuberculosis, 
yet the infecting organism was later proved to be highly virulent and 
would have produced fatal disease in much less time if the original sus- 
pensions had been contaminated with tubercle bacilli. Both infections 
were due to a bovine organism identical to one which had been used to 
infect rabbits occupying adjacent cages. 

The predominant disease in the lungs with large suppurating tracheo- 
bronchial lymph nodes in each of these 2 animals indicated the respiratory 
tract as the portal of entry. Perla (11) commented on the unusual 
susceptibility of guinea pigs to infections through the wound produced by 
a previous inoculation, and undoubtedly this possibility must be con- 
sidered. Though the needle-tracks of a previous inoculation are not 
regarded as the portal of entry in these instances, we have noted the 
development of generalized tuberculosis in another experiment. In this 
case 69 guinea pigs were infected subcutaneously with the avirulent 
strain, R1, and then received 31 daily injections of dust suspensions in 
the same area. Twenty-one of them developed generalized tuberculosis. 
The dusts alone could not have been responsible for the progressive 
tuberculosis, since dusts known to be innocuous were used and virulent 
organisms unlike the R1 bacilli were recovered from their tissues. Fur- 
thermore, the injection of sterile salt solution as a control produced this 
effect in one of a group of 4 guinea pigs. Due to the repeated punctures 
and local irritation an opportunity was undoubtedly afforded for an 
accidental reinfection at the site of injection. 

The third guinea pig undoubtedly illustrates a naturally acquired 
inhalation infection, since the disease was particularly marked in the 
lungs and tracheobronchial lymph nodes. The fact that this animal had 
been rendered silicotic by the prolonged inhalation of quartz dust may 
have made it more susceptible to such an infection and yet it is the first 
proved instance of this nature that has been observed among several 
hundred guinea pigs similarly exposed. 
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The fourth guinea pig is particularly interesting since it represents 
rather strikingly a naturally acquired ingestion infection with human- 
type tubercle bacilli in an animal previously inoculated with killed 
bovine organisms. 


Group I: In the series of experimental animals tabulated above, guinea pig 11 
in the first group undoubtedly represents tuberculosis acquired by a short 
period of contact with animals having open ulceration. The rapid develop- 
ment of skin hypersensitiveness and the marked progression of the disease, 
with death occurring in less than 100 days after the beginning of exposure, 
speak for the virulence of the infection. The type tests indicate that the 
organism was similar to the bovine strain used in the infected animals. The 
autopsy suggests that the infection was acquired by ingestion. The remaining 
animals in this first group had exposures of from 43 to 61 days to guinea pigs 
infected with the same organism. In these cases there were no open lesions 
and though the exposure was more than twice as prolonged, none of the normal 
animals developed any evidence of infection. No doubt, if the period of con- 
tact had been extended, infection would have developed in more of the normal 
animals. It would appear, however, that direct contact with an open lesion is 
much more effective as a source of infection than contact with animals having 
far advanced disease but no open lesions. Unfortunately it was not possible 
to pursue this portion of the experiment further, since bovine infections came to 
be regarded as a menace to other animals in the same room and were removed to 
other quarters. 

Despite the fact that four of the normal animals in the first group failed to 
react to tuberculin, it was decided to subinoculate both tracheobronchial and 
mesenteric lymph nodes in each case. It was regarded as possible that in these 
depots might lurk organisms which could be capable of setting up tubercle 
later or that the invasion might have been so recent that the animals might not 
yet be capable of reacting to tuberculin. Since none of the subinoculated 
animals from this group did develop evidence of infection, even after long 
periods, it was deemed unnecessary to continue this procedure except in those 
cases in which the original guinea pig reacted to tuberculin or showed some 


evidence of infection at autopsy. 


Group II: In the group of 3 animals in contact with guinea pigs infected with 
the virulent human strain H61, animal no. 3 is most interesting. This guinea 
pig’s direct exposure terminated after 99 days; after this it occupied the same 
cage for a short period and was then transferred to a smaller cage in the same 
room. Three skin tests proved to be negative during the period of contact, 
and, after removal to a separate cage, the skin tests continued to be negative 
for eight more months. Then, suddenly, nine months after the cessation of 
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direct contact, the tuberculin test became strongly positive. The next test 
was negative, but the animal was now thin and sick and finally died of gener- 
alized tuberculosis eleven months after the contact was interrupted. It seems 
altogether probable that this infection was not the result of direct contact, 
but was due to exposure to the general atmosphere of the animal house. The 
autopsy suggested that the infection was acquired by inhalation. The cultures 
obtained failed to kill rabbits when inoculated in 1.0-mgm. and 0.0i-mgm. 
doses and were highly virulent for the guinea pig. The culture was conse- 
quently regarded as human in type but when grown on broth it failed to present 
the characteristic growth of the H61 strain. The other animals in this group 
are still living; they are negative to tuberculin and are apparently healthy. 


Group III: The third group of animals was exposed to guinea pigs infected by 
inhalation with the well-known Saranac Laboratory strain H37. Animal 7 
in this group had a total direct exposure of 46 days and died eight days later 
with a pneumococcus pneumonia. The mesenteric lymph nodes appeared 
to be slightly enlarged, but there were no gross lesions suggestive of tubercu- 
losis. The tracheobronchial and mesenteric lymph nodes of this animal were 
each inoculated into other guinea pigs. The guinea pig inoculated with the 
tracheobronchial lymph nodes failed to react to tuberculin on three tests at 
monthly intervals and was killed 365 days after inoculation. There was no 
evidence of infection. The animal inoculated with the mesenteric lymph 
nodes also failed to react to tuberculin six, eleven and fifteen weeks after inocu- 
lation. On the nineteenth week a fourth skin test was positive, and a second 
positive test was obtained the next month; four weeks later the animal died of 
generalized disease. In this instance there was no evidence of infection noted 
until 135 days after inoculation, and it would be difficult indeed to be sure of 
the cause of infection. The autopsy disclosed a generalized tuberculosis of all 
viscera and lymph nodes, the nodes in both groins were equally involved, and 
the lungs showed large caseous tubercles throughout. The disease may have 
been produced by the inoculation of a very small number of bacilli which had 
resided in the mesenteric lymph nodes of the original contact animal without 
establishing a recognizable focus of infection, or it may have been the result 
of an infection acquired by the subinoculated animal some time after its 
inoculation. The culture proved to be human in type and the growth charac- 
teristics were those of any ordinary human strain. The remaining animals in 
this group presented no evidence of infection. 


Groups IV & V: The animals in contact with guinea pigs infected with the 
attenuated Ri strain have failed to develop hypersensitiveness even after 
more than a year of constant exposure. All of the animals are still alive, nega- 
tive to tuberculin and apparently healthy. Six of the 7 guinea pigs exposed to 


404 DONALD E. CUMMINGS 


the general atmosphere of the main room of the animal house have also failed 
to present any evidence of infection after periods of from nine months to a year- 
and-a-half. The seventh guinea pig in this group developed an acute inhala- 
tion infection and died of generalized disease five months after having been 
placed in the main animal house. 


Obviously, the question of a naturally acquired tuberculous infection in 
guinea pigs is one of great importance to all those engaged in the diagnosis 
or experimental study of the disease. The results reported in this com- 
munication and in the preceding papers of this series have been suffi- 
ciently significant to convince the writer and his associates that it is not 
safe to assume that natural infections do not occur in the caged guinea 
pig. Intimate contact with animals having open tuberculous lesions 
may result in generalized disease in normal animals even after very short 
exposures. The facility with which such infections are acquired would 
appear to depend on the virulence of the organism with which the animal 
isin contact. It would appear that virulent bovine strains in particular 
constitute an ever-present menace to normal animals housed in the same 
quarters; this fact is substantiated by a review of the instances reported 
in the literature. 

Normal guinea pigs, caged for long periods in animal quarters where 
other animals infected with virulent tubercle bacilli are housed, occa- 
sionally become infected. The experience of this laboratory has been 
that the possibility of such infection increases as the duration of the 
exposure is extended. In experiments continued for many months or 
several years, the unexpected appearance of generalized tuberculosis or 
skin hypersensitiveness in noninfected guinea pigs is undoubtedly due to a 
naturally acquired infection. 

Although the number of animals thoroughly studied has not been large, 
it is quite evident that the incidence of these infections is much smaller in 
this laboratory than those reported by Lurie (13) at the Henry Phipps 
Institute. 

Animals inoculated with thoroughly attenuated strains often appear 
healthy and show a progressive decrease in hypersensitiveness to tuber- 
culin during a period of two or more years. If they suddenly develop 
allergic manifestations and generalized tuberculosis, many observers 
would attribute the condition to an acquisition of virulence on the part of 
the original infecting organism. The author feels that this assumption 
cannot go unchallenged. ‘The two preceding papers in this series have 
dealt with such instances and the evidence obtained from them, together 
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with the demonstration of natural infections in the guinea pigs reported in 
this communication, afford reason for believing that spontaneous super- 
infection should not be ignored. All such cases require thorough study 
involving the isolation of a culture whose growth characteristics and 
virulence must be carefully compared with those of the organism used for 
infection. If these two strains are not similar in type and cultural char- 
acteristics, natural superinfection will explain the result as readily as 
transmutation or accentuation of virulence of the original organism. 
The occurrence of spontaneous superinfection in the presence of the 
relative immunity conferred by an inoculation of tubercle bacilli of low 
virulence demands explanation. The evidence presented in this series of 
papers suggests that there may be a fluctuation in the relative immunity 
to reinfection in previously sensitized guinea pigs and that there may be 
periods in the life of such animals when immunity is depressed or absent. 
It is even possible that these animals may at times be even more sus- 
ceptible to reinfection than normal guinea pigs. This question is to be 
made the object of further research. 

The route by which natural infections enter the body of the guinea pig 
is often difficult to establish definitely. Bacilli may enter wounds or 
abrasions in the skin, particularly when the wound is situated in the 
abdomen or groin, where direct contact is made with the litter on the floor 
of the cage. Ingestion infection will most readily occur when there is an 
opportunity presented for a guinea pig to lick an open tuberculous lesion 
in another animal. This type of infection may also result from the inges- 
tion of contaminated food, but experiment has demonstrated that this is 
generally difficult to accomplish. The inhalation of dust contaminated 
with viable tubercle bacilli eliminated from other tuberculous animals is 
no doubt responsible for natural infections in many instances. 

What are the methods to be adopted to combat the possibility of 
naturally acquired infections? In this laboratory all animals infected 
with virulent bovine bacilli are now housed in separate quarters, since it is 
believed that bovine infections in particular are responsible for tubercu- 
losis appearing in normal animals caged in the same room. All animals 
are caged separately or in as small groups as is practicable. Tubercu- 
lous animals are placed on the lower tiers of cage-racks in the order of the 
virulence of the infecting organism, so that the cages of the noninfected 
guinea pigs are not contaminated by the litter from the infected cages 
above. All cages are changed frequently, cleaned, immersed in a bath 
of 5.0 per cent cresol for fifteen minutes, thoroughly washed, and then 
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exposed to sun and air for several days before use. The floors of the 
_ animal rooms are wet down before sweeping and an abundance of fresh 
air is provided to preserve the sweetness of the atmosphere. Normal 
stock is kept in separate rooms in which no tuberculous animals are 
permitted to be placed. The man in charge of the animals is known to 
be free from tuberculosis and is carefully supervised in his work. In 
the ideal arrangement, separate quarters should be provided for infected 
animals and even for infections of different types and degrees of virulence 
but this condition is difficult to realize in practice. 

If conditions are such that infected and noninfected animals must 
occupy cages in the same room or if guinea pigs infected with attenuated 
strains must be quartered near animals having virulent infections, there 
is only one measure adequate for controlling these experiments. The 
routine tuberculin test repeated at least once a month on all such animals 
will provide the evidence necessary to properly evaluate the autopsy 
findings. If any evidence of unusual infection has been observed 
cultures should be secured and thoroughly studied. 


SUMMARY 


1. Instances of naturally acquired tuberculous infection in guinea pigs 
quartered in the Saranac Laboratory have been described. 

2. The organisms responsible for these infections have been isolated 
and a study made of their cultural and biological characteristics. 

3. The results of a preliminary experiment demonstrating contact 
infection in guinea pigs are also presented. 

4, The appearance of generalized tuberculosis in animals previously 
inoculated with attenuated strains of tubercle bacilli is discussed from 
the standpoint of naturally acquired reinfection. 

5. Suitable measures for combating the possibility of naturally 
acquired infections in the guinea pig are suggested. 
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THE ROENTGENOLOGICAL APPEARANCE OF PULMO- 
NARY ATELECTASIS AND SIMULATING 
CONDITIONS! 


JAMES L. DUBROW 


The roentgenological appearance of massive collapse of the lung is 
typical. There occurs an opaque shadow covering the affected lung 
from apex to base, obliterating the pulmonary parenchymal markings as 
well as the costophrenic sinus and the homolateral dome of the dia- 
phragm. The heart and mediastinum are drawn to the affected side 
and may be obscured in toto by the opaque shadow. 

While this roentgenological appearance is typical for pulmonary ate- 
lectasis it cannot be said to be pathognomonic. Other conditions may 
simulate pulmonary atelectasis roentgenologically. The pathogenesis 
of the pulmonary atelectasis postulates to a large extent bronchial ob- 
struction, as, for instance, by a mucus plug, foreign-body in the bronchus, 
bronchogenic tumors, or extrabronchial compression of a main bronchus 
from various causes. 

The mechanism of unilateral pulmonary atelectasis presupposes a 
complete occlusion of the main bronchus by any one of the causes cited, 
an absorption of the air present in the tributary lung, eventually a dis- 
seminated collapse of the alveoli, increase in the intrapleural negative 
pressure on the affected side, and a consequent rise of the homolateral 
dome of the diaphragm with retraction of the heart to the same side. 
Though this mechanism may explain the resultant roentgenological 
appearance in well-established cases of atelectasis, as, for example, in 
cases in which the removal of the mucus plug or foreign-body from the 
main bronchus by the bronchoscopist is followed by reaeration of the 
affected lung and a restoration of the heart and diaphragm to normal 
position, still it does not follow that bronchial obstruction is the only 
factor in the production of such roentgenological appearance. It is 
not within the province of this article to discuss the controversial sub- 
ject of the various theories invoked in elucidation of pulmonary atelecta- 


1 From the X-ray Department, Sea View Hospital, Staten Island, New York. 
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sis. It is desired here mainly to illustrate the fact which may not be so 
generally known: that radiographically the roentgen appearance typical 
for pulmonary atelectasis may be, and not infrequently is, reproduced 


Fic. 1. Case 1. Admission plate, showing cardiac retraction to left and dense shadow 
covering left lung. 

Fic. 2. Case 1. Pneumothorax, 250 cc. given, absolute ascent of left diaphragm 
delineated. 

Fic. 3. Case 1. Shows the development of spontaneous on top of artificial pneumothorax 
and an accompanying pleural effusion 

Fic. 4. Case 1. Shows pneumothorax on the left and cavitating processes in contra- 
lateral lung. 


by other diseased conditions of the lungs and pleurae. For this purpose 
a brief description of a few cases illustrated by roentgenograms will be 
given. 


JAMES L. DUBROW 


Cases 


Case 1: L. F., female, native-born, age 30, married, housewife. Family 
History: Negative for syphilis or tuberculosis. Ordinary diseases of childhood, 
bronchitis since infancy. Marital History: Married in 1923, one child living 
and well, no miscarriages. Present Illness: Onset October, 1929, with pro- 
ductive cough and fever, confined to bed for ten weeks. Diagnosis by family 
physician: pneumonia. On admission to Sea View Hospital, temperature 
99°-101°, pulse 110, respirations 24. Physical Examination: Head and neck 
negative. Chest: Right Lung: Apparently negative on percussion and auscul- 
tation. Left Lung: Impaired resonance throughout; bronchial breathing in 
upper lobe. Heart negative. Extremities negative. X-ray: (figure 1): 
Right Lung: Clear. Left Lung: Covered by a dense shadow, which extends 
from upper apex to lower base and obliterates lung parenchyma markings, 
costophrenic sinus, and fusing inferiorly with the left dome of the diaphragm 
and medially with the heart, the outlines of which are indiscernible. There 
was little or no sputum. No acid-fast bacilli were recovered. The roentgen 
appearance was highly suggestive of pulmonary atelectasis. Owing to the 
high negative pressure frequently associated with pulmonary atelectasis, 
pneumothorax was tried. Initial readings, 0-16, 250 cc. administered; final 
reading, —-6,—2. The X-ray film taken after initial pneumothorax (figure 2) 
delineates the absolute ascent of the left dome of the diaphragm and mediasti- 
nal displacement to the left. Areas of variable density are seen through the 
opaque shadow of the pneumothorax lung and are indicative of tuberculous 
caseating foci and areas of rarefaction. X-ray film taken a few weeks later 
(figure 3) shows the development of spontaneous on top of artificial pneumo- 
thorax, and an accompanying pleural effusion. Heart and mediastinum are 
displaced to the right, where an extension of the tuberculous process is noted 
especially at lower lobe. Figure 4 shows the unfavorable outcome of the case 
with pneumothorax on the left and cavitating processes in the contralateral 
lung. Patient died. Autopsy: (April 14, 1930): There was tuberculous 
caseation of the entire left lung with external fistula between the 6th and 7th 
ribs. The right lung showed many caseous nodules and a cavity at the upper 
lobe. ‘ Moderate pericardial effusion. 


Case 2: C. T., female, age 16, height 5 ft. 11 in., weight 131 lbs., school-girl. 
Family history negative. Temperature 99°-100°, pulse 100-140, respirations 
24. Past Illness: Ordinary diseases of childhood; pleurisy, 1929; menstrua- 
tion began at 13, regular, duration 4 to 5 days, no pain; during the four months 
previous to May, 1930, amenorrhoea. Present Illness: Since June, 1929, com- 
plained of pain in chest, loss of weight, shortness of breath and palpitation 
of heart. Confined to bed since January, 1930. Examination in May, 1930: 
Right Lung: No evidence of gross disease. Left Lung: Impaired resonance 
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on percussion; moist rales through upper and lower lobes with bronchial 
breathing through upper. Sputum negative. X-ray: (Figure 5): Right Lung: 
General appearance clear, except for slight infiltrative changes in the central 


#7 #8 


Fic. 5. Case 2. Left lung covered by a semidense shadow, through which are seen trans- 
radiant areas through upper lobe. 

Fic. 6. Case 2. Left-sided pneumothorax, 500 cc. given. 

Fic. 7. Case 2. Pleural effusion accompanying pneumothorax. Pleural fluid negative 
for tubercle bacilli or other organisms. 

Fic. 8. Case 2. Opaque shadow obscuring the left lung; suggestive of pulmonary ate- 
lectasis and due to an effusion. 


zone. Left Lung: Covered by a semidense shadow, through which are seen 
transradiant areas throughout upper lobe. Trachea and heart retracted 
to left. Left dome of diaphragm shows an absolute ascent. Pulmonary 
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atelectasis suggested by the rapid pulse-rate, dyspnoea and roentgen film. 
Pneumothorax: Initial treatment May 23, 1930; reading —9, —11; 500 cc.; 
then at weekly intervals 300 cc. The X-ray (figure 6) shows left-sided pneu- 
mothorax with compression of lung inward; the upper lobe presents commu- 
nicating vomicae, which are not altogether collapsed. Slight displacement 
of heart and trachea to right. The right lung remains unchanged. X-ray 
(figure 7) reveals development of pleural effusion. Pleural fluid straw-colored, 
and negative for tubercle bacilli or other organisms. The pulse dropped to 90. 
There was steady gain in weight, with increase of 50 lbs. since admission, and 
patient is now ambulant. Pleural effusion allowed to keep lung compressed. 


Fic. 9. Case 3. Marked retraction of heart and mediastinum to left. Areas of rare- 
faction in both lungs. 


Figure 8 shows again an opaque shadow obscuring the left lung and suggestive 
of pulmonary atelectasis, although, as shown by the clinical history, it is due 
to an effusion. 


Case 3: M. W., schoolgirl. Family History: Father died of tuberculosis, 1920; 
mother died of same disease, 1927; one sister tuberculous. According to his- 
tory, the patient, as a child, slept in same bed as her sister. Anamnesis cites 
frequent colds and bronchopneumonia on four different occasions, last attack 
being 1928. Subsequent symptoms: cough, expectoration, and failure to 
gain weight. On admission to hospital, temperature 100.5°, pulse 100-110, 
respirations 20. Physical Examination: Undernourished. Left hemithorax 
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shows decreased mobility, impaired resonance and dulness of left lung, with 
cavernous breathing in infraclavicular region. Right lung shows occasional 
rales in upper apex. Cardiac dulness absent on right side. X-ray (figure 9) 
shows two areas of increased illumination at upper apex. Left lung covered 
by a semidense to dense shadow, which obscures the parenchymal lung mark- 
ings. Left diaphragm on a higher level than right, as shown by ascent of 
stomach bubble. Heart shows marked retraction to left, the thoracic seg- 
ments being uncovered. Sputum positive for tubercle bacilli. Diagnosis: 
Pulmonary tuberculosis, left-sided adhesive pleurisy, with cardiac retraction 


Fic. 10. Case 4. Unilateral pulmonary tuberculosis with cavitation. 

Fic. 11. Case 4. Extension of the process with retraction of heart and trachea to the 
right. 

Fic. 12. Case 4. Complete retraction of heart to the right. The trachea is drawn to 
the right. 


to the same side. Roentgenograms, taken one and two years later, show 
practically no change except for increase in cavitating processes. 


Case 4: W. J., female, age 23. The following serial roentgenograms illustrate 
the genesis of the X-ray shadow considered typical for pulmonary atelectasis 
although not caused by it. X-ray: (figure 10): Unilateral pulmonary tuber- 
culosis limited to upper lobe, with cavitation there; middle and lower lobes, 
especially former, are infiltrated and mottled. Left lung apparently negative. 
Roentgenogram (figure 11) shows extensive cavitation of right upper lobe and 
thickening of pleura, more marked at lower right base. Heart and trachea 
retracted to right. Roentgenogram (figure 12), taken eighteen months after 
beginning of illness, shows retraction of heart to right, and obliteration of 
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cardiac outline by a general opacity covering right lung. Trachea drawn to 
right. A single area of decreased density at left upper lobe in the last roent- 
genogram gives a clue to the tuberculous nature of the process. (See figure 


12A and legend.) 


Fic. 12A. Case 4. Roentgenographic examination after lipiodol injection. The trachea 
is pulled to the right; bifurcation of trachea is seen to the right of the vertebral column. The 
right main bronchus is visualized and its subdivisions appear dilated; left main bronchus is 
seen to cross the thoracic column to the left. The subdivisions of the left main bronchus do 
not appear enlarged. The oesophagus is partially filled with the lipiodol solution, and is 
seen deviated to the right of the thoracic column, the patient having swallowed some of the 
lipiodol and regurgitated it. 

The heart is retracted to the right, clearing the lower thoracic segments. The right lung 
is of greater density than the left. Areas of decreased density are noted in upper lobe, indic- 
ative of cavitation there; the left lung shows a vomica at upper lobe, and some rarefaction of 
adjacent lung tissue. 

This patient was bronchoscoped twice before the lipiodol, with negative results as to 
bronchostenosis. 

The letter R of the marker designates right side. 


Case 5: A. A., male, age 28, undernourished and somewhat dyspnoeic. ‘Tem- 
perature, pulse and respirations normal. Physical Examination: Head and 
neck negative. Left cheek flushed. Apex beat visible at 5th interspace on 
right side. Left hemithorax immobile. Fine moist rales in middle lobe. 
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Fic. 13. Case 5. Homogeneous dense shadow covering left lung, with displacement of 
heart and trachea to the right. Diagnosis: Pleurisy with effusion. 

Fic. 14. Case 5. Chest appearance after aspiration of 1500 cc. of pus and replacement 
by 400 cc. of gas. 

Fic. 15. Case 5. Chest appearance; 14 months’ treatment by oleothorax (gomenol 5 
per cent); heart retracted to the left. 

Fic. 16. Case 6. Appearance of chest after removal of some of the oil. 
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No marked dulness on percussion. Left side dull to percussion; respiratory 
sounds inaudible. Heart sounds: No murmurs, apex beat felt at 5th inter- 
space, right side. The roentgenogram (figure 13) of the left hemithorax shows 
a homogeneous dense shadow from upper apex to lower base and displacement 
of heart and trachea to right. Diagnosis: Pleurisy with effusion. Initial 
aspiration of 1500 cc. of thick yellow pus, replaced by 400 cc. of gas, thus con- 
verting the pyothorax into a pyopneumothorax (figure 14). Bacteriological 
examination of aspirated fluid positive for acid-fast bacilli. Subsequently, 
weekly aspirations were made, followed by gas refills. Later this patient was 
given gomenol, 5 percent. Roentgenogram (figure 15), taken fourteen months 
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Fic.17. Case 6. Right-sided hydropneumothorax. 
Fic. 18. Case 6. After treatment with gomenol shows a double fluid-level due to pneumo- 


hydroéleothorax. 
Fic. 19. Case 6. Cardiac retraction to left. Opaque shadow obscuring left lung due to 


thickened pleura and oleothorax. 


after the oleothorax, shows retraction of heart to left and an opaque shadow 
simulating atelectasis of left lower lobe and, shown by figure 16 (after aspira- 
tion), due to oleothorax. 


Case 6: B. I., female, age 40, married, four children. Has history of tubercu- 
losis since 1926; treated at Bedford Hills Sanatorium, 1928, with artificial 
pneumothorax. Roentgenogram (figure 17) shows hydropneumothorax, 
right side, with a vomica at upper lobe incompletely collapsed. Left lung 
shows scattered infiltrative changes. Roentgenogram (figure 18), after treat- 
ment with gomenol, shows a double fluid-level due to pneumohydrodleo- 
thorax. Figure 19 presents an opaque shadow, obscuring left lung and cardiac 
outline, and due to thickened pleura and oleothorax. 
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CONCLUSIONS 


1. The roentgen shadow generally associated with pulmonary atelec- 
tasis, namely, a homogeneous dense shadow, obliterating the parenchymal 
lung markings and associated with a retraction of the heart and trachea 
to the same side, combined with an elevation of the homolateral dome 
of the diaphragm, is not necessarily pathognomonic for this condition. 

2. Croupous pneumonia of one entire lung may cast a shadow similar 
to that of atelectasis. 

3. Other conditions, notably unilateral pulmonary tuberculosis with 
tendency to fibrosis and pleural thickening, may simulate the X-ray 
appearance of pulmonary atelectasis. 

4. When the mediastinum is fixed, a unilateral pleural effusion may 
cast a shadow generally resembling that associated with atelectasis. 

5. Certain therapeutic procedures, for instance, the use of gomenol 
in oleothorax, tend to produce thickening of the pleura and stiffening 
of the mediastinum, and cast a shadow similar to pulmonary atelectasis. 

6. In doubtful cases, when there is no history of a foreign-body in the 
bronchus, and when the roentgenogram has an appearance suggestive 
of pulmonary atelectasis, pleural puncture may prove valuable in differ- 
ential diagnosis, yielding fluid in the cases with effusion, high manometric 


readings with atelectasis, and no readings at all in cases with a thickened 
pleura. 
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THE FREQUENCY OF BACILLAEMIA IN TUBERCULOSIS: 
LITA SHAPIRO 


The question of bacillaemia in tuberculosis has been a subject of dis- 
cussion for many years. Even prior to Koch’s discovery a presumptive 
bacillaemia had already been shown by means of animal inoculation 
(for instance, Villemin, 1868). 

Since the year 1903 (Jousset) many attempts have been made to study 
the question by the direct detection of tubercle bacilli in the blood-smear. 
An extremely high percentage (80 to 100 per cent) of positive findings 
obtained by this method have been reported during the years 1909 to 
1913 in cases with moderate tuberculosis (Rosenberger, Schnitter, 
Liebermeister, etc.) and even in healthy individuals (Kurashiga). The 
frequency of positive results created doubt of their accuracy, and control 
tests with normal blood, set up for verification, revealed that certain of 
the blood elements could acquire acid-fast properties and simulate the 
tubercle bacilli (Ruebin and Bacmeister). It was therefore assumed 
that this method was unreliable and animal inoculation was resorted to. 

Much research work has been done by this method showing contra- 
dictory results. (Gary, Bergeron, Baethge, Austrian, Liebermeister, 
Petroff, Klemperer, Klopstock, Rotacker, Rotenberg, Staubly, etc.) 

Most of these authors expressed the opinion that bacillaemia is difficult 
to prove by means of animal inoculation. On the other hand, the general 
conclusion was that bacillaemia in tuberculosis occurs very often without 
signs of miliary tuberculosis. (Marmorek, Breton and Calmette.) 
Landouzy was the first to interpret the so called typhobacillose, from 
clinical observations, as bacillaemia. Loewenstein also described bacil- 
laemia in human beings (without specific anatomical changes) when 
caused by the avian type of tubercle bacillus. Because of the unsatis- 
factory results with the method of animal inoculation, it was necessary to 
seek another method, and the culturing of tuberculous blood on solid 
media was attempted. The first results reported were not gratifying, as 
shown in table 1. 

In 1925 Ashimura, a pupil of Loewenstein in Vienna, reported positive 

1 From the Department of Pediatrics (Service of Dr. B. Schick), Staten Island, New York. 
With the assistance of a research fund donated by Miss Emilie Fries. 
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blood cultures obtained from tuberculosis patients after their death. In 
1930, Russew, working in the same institute, reported 12 positive blood 
cultures in 25 tuberculous patients. During the last three years Loew- 
enstein reported a high percentage of positive blood cultures in a great 
number of tuberculosis patients (table 2). 

Loewenstein called special attention to his positive blood cultures in 
cases of rheumatic fever. He suggested in his report that certain cases of 
this illness may be due to infection with tubercle bacilli. Stimulated 


TABLE 1 


YEAR AUTHOR DIAGNOSIS CASES 
1909 Anderson Pulmonary tuberculosis 47 0 
1914 Faber Miliary tuberculosis 21 1 
1915 Petroff Pulmonary tuberculosis 22 0 
1917 Clough Miliary tuberculosis 7 5 
1917 Clough Pulmonary tuberculosis 4 0 
1917 Clough Pulmonary and_ miliary 5 0 
tuberculosis 
Bingold Pulmonary tuberculosis 


TABLE 2 


POSITIVE 
DIAGNOSIS (KIND OF TUBERCULOSIS) CASES RESULTS 


by his reports, many institutions started checking his findings by using 
his method and media, the prescription of which follows: 


Ten cubic centimetres of venous blood is added to 3 cc. of a 10 per cent solution 
of sodium citrate and centrifugated to a sharp-lined sediment; the serum is then 
poured off and 5 per cent acetic acid is added to the sediment in order to destroy 
the haemoglobin, which interferes with the growth of tubercle bacilli. After 
repeated centrifugation the sediment is washed three times with distilled water 
to remove the haemoglobin and then is planted on solid media. If there is any 
doubt about the sterility of the blood used, add three volumes of 15 per cent 
sulphuric acid to the sediment before inoculation on the media, shake for five 
minutes, centrifugate, wash sediment twice with distilled water and inoculate 


Polyarthritis, acute 
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on the media. The utmost sterility must be maintained throughout the entire 
procedure for culturing tubercle bacilli from the blood. 


Monopotassium phosphate 
Magnesium citrate 
Magnesium sulfate 
Asparagin 

Glycerine 

Distilled water 


In his report of 1931 Loewenstein gives the following formula for his media: 
Four grams of potato flour is added to 120.0 cc. of this solution. Boil for 15 
minutes; place in water-bath at 56° for one hour. After cooling to 50°, add 
three whole eggs and one yolk, and mix. Lastly, 10 cc. of 2 per cent sterile 
congo-red is added, in order to give the medium a certain color, to help dis- 
tinguish the white tubercle colonies. The medium is filtered through sterile 
gauze and put into sterile tubes,—3 to 5 cc. in each. They are sterilized the 
first day at 70 to 75°, the second day at 75 to 85° for one hour, and then placed 
in an incubator for 24 to 48 hours to test for sterility. 


Preparation of the Eggs 
The eggs are put in a warm 5 per cent solution of sodium carbonate and a few 
cubic centimetres of green soap for half an hour. After washing in running 
water they are put in a 1 per cent solution of mercury bichloride for twenty 
minutes. The eggs are then ready for use. 


In November, 1930, I began to check up the findings of Loewenstein. 
Before starting with blood taken from patients, the culture media were 
tried out with blood from normal individuals, to which a few tubercle 
bacilli were added. These few bacilli were obtained by touching the sur- 
face of a tubercle-bacillus culture with a loop and were mixed with the 
blood. The sediment was placed in two tubes and in two to three weeks 
a luxuriant growth was observed. Encouraged by these results the 
research work on patients was begun and carried on during the past year. 
Cultures were made with the blood taken from the cases presented in 
table 3. The first 12 blood cultures were prepared in the laboratory of the 
New York City Board of Health and were done on children with far- 
advanced pulmonary tuberculosis and were still sterile after two to three 
months. 

The next 20 blood cultures on children with chorea and rheumatic fever 
also gave negative results. ‘These tubes have been observed for four to 
fivemonths. Then cultures were taken from 37 adults with far-advanced 
pulmonary tuberculosis and revealed positive results in one instance only. 
Having only one positive result in 69 cases I came to the conclusion that 
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the technique employed was not yet satisfactory. I then began to cul- 
ture the blood of tuberculous guinea pigs with the same technique as I 
applied in the previous 69 human cases. In 66 out of the 68 tubes planted 
with animal blood, there appeared in two to three weeks a typical growth 
of tubercle bacilli (white, dry, small, outpointed colonies) which on the 
smear showed a pure culture of acid-fast bacilli. Encouraged by these 
findings in regard to the correctness of the method used, I continued the 
culturing of the blood of 126 additional human cases. Six positive results 


TABLE 3 
Occurrence of positive blood cultures in cases of tuberculosis, rheumatic fever and chorea 


NUMBER OF CASES TAKEN 


DIAGNOSIS ADULTS 


Children | Children | Infants Positive Percentage 


age 4-13| age 1-3 | age 0-1 results of results 


Far-advanced pulmonary tuber- 


2 Adults 2% 


Subacute'pulmonary tuberculosis. . 8 23 _ — 0 
Mild tuberculosis................ 12 0 0 
Hilum tuberculosis (lymph nodes)..| — 2 2 — 1 33% 
Latent tuberculosis (active)... .... 


Miliary tuberculosis............. 


1 
Surgical tuberculosis............. 7 
Renal tuberculosis............... 11 
Skin: tuberculosis. 3 
Erythema nodosum.............. 3 
Peritonitis tuberculous........... 2 


61 


were obtained. All these blood cultures have been observed from twelve 
to sixteen weeks before being discarded. The growth in the seventh 
positive blood culture appeared in from 18 to 25 days, presenting one 
small, white, outpointed colony, which showed on the smear to be a pure 
culture of acid-fast bacilli. Of all the 194 blood cultures done, 188 were 
sterile, including the cases with rheumatic fever and chorea. These 
results lead us to believe that in these cases bacillaemia occurs very rarely 
(4.2 per cent). It may be added that a negative blood culture does not dis- 


ig 
|| 
2 Child 
1 4 2 1 Adult 37.5% 
8 0 0 
2 0 0 
12 0 0 
11 0 0 
Total of all cases uu...) 111 74 6 4 7 
Total of tuberculosis cases......| 106 51 6 4 7 4.2% 
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prove the presence of bacilli in the blood-stream, for it may well be that bacilli 
are present in the blood-stream but fail to grow on culture. This question is 
being studied in the laboratory and I will discuss it in my next paper. 

In studying these results (table 3) it is noteworthy that the lowest 
percentage of positive results was obtained in cases with far-advanced 
pulmonary tuberculosis, and the highest percentage in young children up 
to two years of age. This is an interesting fact for the early diagnosis of 
childhood tuberculosis. The material is inadequate to draw any definite 
conclusions regarding this point. 

The important question for consideration is: Why do our studies show 
such a small percentage of positive blood cultures in comparison with 
Loewenstein’s? Is it because of improper technique or because of some 
other factor? 

The question of improper technique is to be more or less excluded be- 
cause of the success in culturing animal blood. There is probably a more 
important factor underlying the cause of this discrepancy. It is a well- 
known fact that the occurrence of clinically severe forms of tuberculosis 
and a high percentage of miliary tuberculosis are more frequently found in 
Vienna than in any other place. The Morbus Viennensis, as the disease 
is called in Vienna, was always considered to be more severe in that city 
than elsewhere. All this may account for the higher incidence of positive 
blood cultures in Loewenstein’s reports, than in our work. 

Much more research work is necessary in order to make any further 


definite statements. 
CONCLUSIONS 


1. In 167 cases of tuberculosis tested with the Loewenstein technique 


there were only 7 positive blood cultures (4.2 per cent). 
2. None of the 28 cases of rheumatic fever and chorea gave positive 


blood cultures. 


A part of the material (97 cases) was obtained from the Mount Sinai Hospital of New 
York City, for which I wish to express my sincerest gratitude. 

I should also like to express my deepest appreciation to the director of the Sea View Hos- 
pital, Dr. Adam Eberle, and to his assistant, Dr. Allen Kane, for the opportunities and mate- 
rials offered and for the kind interest shown in my work; furthermore, to the director of the 
Health Laboratories of New York, Dr. W. H. Park, and his associate, Miss Lucy Mishelow, 


for their kind assistance. 
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THERAPEUTIC PLEURAL EFFUSIONS BY OLEOTHORAX 
B. T. MCMAHON 


Since the publication of Bernou’s work (1), there have been numerous 
contributions on the subject of oleothorax, chiefly in French medical 
literature. At the Loomis Sanatorium it has been used in selected 
cases of artificial pneumothorax to attain different objectives, such as 
prevention or retardation of progressive pleural symphysis, also as oleo- 
thorax of disinfection and oleothorax of compression. 

The object of this brief paper is to call attention to one use of injec- 
tions of oil of gomenol in artificial-pneumothorax cases which has not 
been previously stressed. Frequently a flexible mediastinum prevents a 
satisfactory collapse of the lung. When the intrapleural pressure re- 
quired to collapse the lung effectively and to obliterate its cavities is 
sufficient to displace the mediastinum, further injection of air into the 
pleural space merely increases the displacement without achieving 
greater pulmonary collapse. In the majority of cases this condition 
rectifies itself in the course of time. Not infrequently it may persist and 
prevent a satisfactory pneumothorax for months; in a few cases at Loo- 
mis Sanatorium the time exceeded a year. The development of a small 
effusion invariably results in some degree of thickening of the pleura and 
fixation of the mediastinum. When the mediastinum is labile the de- 
velopment of an effusion is desirable and frequently we have wished for a 
means of provoking a mild pleural irritation and a small effusion. The 
injection of 10 cc. of oil of gomenol, 5 per cent in olive oil, has fulfilled 
this need. We have used it in 8 cases. In all a mild effusion resulted. 
Following this, using the same amount of air with the same interval 
between refills, a higher intrapleural pressure was attained, resulting in 
greater compression of the lung with less mediastinal displacement. 

In six of the cases the effusion developed within 12 to 48 hours. It 
was accompanied by slight pain on the same side of the chest and the 
temperature rose 0.5° to 2°, to return to the previous level in a few days. 
In no case was the amount of fluid sufficient to cover the dome of the 
diaphragm. It was completely absorbed, including the oil, after one 
to three weeks. Even in cases of the shortest duration it resulted in a 
greater degree of mediastinal fixation and a higher intrapleural pressure. 
424 
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In 2 cases there was no reaction and the injection of oil was repeated 
in one week and ten days, respectively, resulting in a small effusion and a 
characteristic elevation of temperature. 

In another case 10 cc. of oil was injected on three occasions, September 
16 and November 7, 1930, and January 20, 1931. <A typical reaction 
followed the first two injections, with the development and subsequent 
absorption of an effusion. The injection on January 20, 1931, had a 
similar result and the temperature began to rise, and on February 1 
reached its peak, 104.8° (rectal), becoming normal on March 4. A large 
pleural effusion developed in the pneumothorax space on this side. Tu- 
bercle bacilli were demonstrated in the fluid, showing it to be a true 
exudate, which differed from the sterile effusion obtained in the other 
cases. It is probably a coincidence that this pleural effusion followed 
the injection of gomenol. The gomenol may have intensified the reac- 
tion, but occasionally pleural effusions complicating artificial pneumo- 
thorax are accompanied by such violent symptoms. The net result in 
this case was that two cavities measuring respectively 1.5 x 2.5 cm. and 
3 x 3 cm. were obliterated. Artificial pneumothorax, induced on June 
21, 1930, had failed to collapse those cavities. 

A displaced or labile mediastinum fer se is not an indication for oleo- 
thorax of irritation. If sufficient intrapleural pressure to bring about 
closure of cavity cannot be attained because of flexibility of the medias- 
tinum, the provoking of an effusion is indicated. When the contra- 
lateral lung is the seat of an extensive or a recently active lesion, dis- 
placement of the mediastinum should be avoided and to this end 
oleothorax of irritation may be definitely helpful. 

If sufficient stability of the mediastinum is not attained as a result 
of the first injection of oil, the process may be repeated. 


Technique 


Instead of the usual refill of air, 10 cc. of oil of gomenol, heated to body 
temperature, is slowly injected from a 10-cc. syringe into the pleural 
space. An ordinary number-18 serum needle is used. The syringe and 
needle are kept warm to facilitate the flow of oil which is never injected 
under pressure. 

Mr. Frank G. Petrik, made the following study of the pleural fluids 
in the Loomis Laboratory: 


Five fluids from the above oleothorax cases were examined. Four of these 
were clear, amber-colored, and formed a clot shortly after being withdrawn. 
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The clots were broken up, and 15 cc. were injected into each of the several 
guinea pigs. The animals were skin-tested with 5 per cent Old Tuberculin at 
biweekly intervals and were killed two and a half months after the inoculation. 
The skin tests were negative throughout this period and no evidence of tuber- 
culosis could be found at the postmortems. A separate portion of the above 
fluids was centrifugated and the smears from the sediment obtained showed no 
organisms. 


In two of the above fluids polymorphonuclear leucocytes predominated; 
one showed a few mononuclear cells and another a few polymorphonu- 
clear and mononuclear cells. 

One of the remaining fluids had a greenish-yellow color and did not 
form a clot after several hours. Acid-fast bacilli were found in the sedi- 
ment of a centrifugated portion. Polymorphonuclear cells predomi- 
nated in this smear. A second examination of another sample from 
the same case gave similar results. 

The question arose was it the gomenol or the oil, or the combination 
of both, that caused the pleural reaction with accompanying effusion. 
It was decided to try the oil alone. A light mineral oil was selected and 
used in exactly similar technique. It was previously sterilized in the 


autoclave at 15-pounds pressure for 30 minutes. To date, December 
14, 1931, we have used mineral oil in 4 cases all of which developed an 
effusion. The accompanying febrile reaction was milder. Mineral 
oil has the additional advantage of lower cost and being always available. 


CONCLUSIONS 


Ten cubic centimetres of 5 per cent solution of oil of gomenol in olive 
oil or 10 cc. of a light grade of mineral oil, injected into a pneumothorax 
space where the pleura is not markedly thickened, will produce a mild 
effusion. The inflammatory reaction thus provoked causes thickening 
of the pleura and greater fixity of the mediastinum, which permit in- 
creased intrapleural pressures and greater compression of the lung. 


REFERENCE 
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SURGICAL BLOCK OF THE SUPERIOR LARYNGEAL 
NERVE IN TUBERCULOUS LARYNGITIS! 


FORRESTER RAINE anp A. L. BANYAI 


Tuberculous involvement of the larynx is a frequent complication of 
pulmonary tuberculosis. Wood (1) reports that, according to the ob- 
servations of different workers, it occurs in about 12 per cent of early, 26 
per cent of the moderately advanced, and more than 45 per cent of the 
far-advanced stages of pulmonary tuberculosis. Pain is a common and 
often greatly disturbing symptom. Its source is a peripheral neuritis 
or direct irritation of the nerve-endings by ulceration. Penetration of 
ulcers into the surrounding muscles, perichondritis, or rigidity of laryn- 
geal structures due to inflammatory changes also may cause pain. It 
may be present when the larynx is at rest and be markedly intensified 
by swallowing. Particularly, tuberculosis of the epiglottis and ary- 
tenoid bodies is liable to cause distressing pain, localized to the larynx 
itself or radiating toward the ear. 

When it appears on swallowing, the nutrition of the patient will neces- 
sarily suffer. With wider spread of the disease, not only the swallowing 
of solids and, later on, liquids, but also that of saliva becomes a dreaded 
act. Patients in this condition develop the typical picture of starvation 
and dehydration. 

It is imperative to institute adequate measures to relieve the distress 
of these patients. Medical measures, leading to improvement in the 
tuberculous process, such as local applications of medicated oils, ortho- 
form, anaesthesin, analgesin, lactic acid, ultraviolet irradiation in con- 
nection with proper diet, and absolute vocal rest will often alleviate 
pain. Transient relief, lasting for several hours, is obtained by cocaine 
sprays. Lukens (2) found very satisfactory results, particularly relief 
from pain on swallowing as well as healing of the tuberculous process, by 
the laryngeal application of chaulmoogra oil. The Wolfenden or “horse 
position,” in which the patient leans over the edge of the bed, having 
the head and shoulder lower than the level of the bed when eating and 
then swallowing “upward,” sometimes permits the taking of nourish- 


1 From the Muirdale Sanatorium, Wauwatosa, Wisconsin. 
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ment by eliminating the weight of food on the larynx when swallowing 
in the upright position. Curative intratracheal surgical measures, 
such as electrocautery and resection, may induce excellent results. An 
often-used palliative measure is the alcoholic injection of the superior 
laryngeal nerve. This procedure was performed in a considerable num- 
ber of cases with a rather high percentage of failures at Muirdale Sana- 
torium and for this reason was abandoned. Visualizing the intricate 
anatomical relationship of this nerve, with all its irregularities as found 
at anatomical and surgical dissections, we are convinced that these 
failures were not entirely due to faulty technique. The other reason for 
discontinuing the alcoholic injections was the short duration of its effect, 
varying from a few days to three to four weeks. 

Our daily experience taught us that local treatment, as used at this 
institution, is often discouraging for the doctor and the patient as well. 
It was felt that some method should be devised to offer these sufferers a 
more lasting relief from pain and eventually a better chance of recovery 
by ensuring adequate food intake for them. 

Mayer (3) from Austria reports 10 cases in which laryngeal neurotomy 
was performed. He considers the operation a rather difficult one. The 
methods of Calles, Challiere and Bonnot are briefly described in his 
paper. The first aims to locate the superior thyroid artery, next to 
which lies the superior laryngeal nerve. The second proposes to approach 
the nerve at the edge of the hyothyroid muscle over the thyrohyoid 
membrane. The incision is made parallel with the hyoid bone. After 
dissecting the fascia, the omohyoid and thyrohyoid muscles are drawn 
toward the middle line, while the thyrohyoid membrane is tightened by 
exerting traction upon the hyoid bone and thyroid cartilage. Pain 
on swallowing was relieved promptly except in two instances. Two 
patients gained in weight; in some, the weight, rapidly decreasing before, 
remained stationary. Retrogression in acute inflammatory changes 
accompanying the tuberculous process was seen after operation. The 
duration of life following operation varied from fourteen days to four 
months. Mayer mentions that cutting of the superior laryngeal nerve 
was first performed by Avellis in 1909. 

Teller (4) performed neurotomy on the internal branch of the superior 
laryngeal nerve in 12 cases. His patients presented the same complaints 
we met with in our cases; namely, unbearable pain on swallowing food, 
liquids or even saliva. The laryngeal involvement was very extensive 
in each case. Oedematous swelling of moderate or marked degree— 
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of the epiglottis, the arytenoids and the interarytenoid area with or 
without ulceration—dominated the laryngoscopic picture. Following 
operation, patients were able to take nourishment without pain; in 
two cases the laryngeal oedema markedly decreased. The mental 
state was favorably influenced in all. Some patients gained in weight. 
To overcome aspiration of liquids during the first few days following 
operation, Teller advises the patient to swallow fluids in a sitting position 
while the body is leaning forward and the head bent as far down as pos- 
sible. This posture ensures a spontaneous closure of the epiglottis. 


SURGICAL TECHNIQUE 


The great majority of patients having tuberculous laryngitis of suffi- 
cient severity to warrant operative intervention are suffering from such 
extensive tuberculous lesions of the chest that the prognosis is hopeless. 
Nevertheless, their laryngitis is so painful that any palliative measure 
that permits them to live their remaining days or weeks in relative com- 
fort is indicated. 

There are some patients who have a painful tuberculous laryngitis 
without having far-advanced pulmonary tuberculosis. These individ- 
uals may be aided toward recovery by interrupting sensory impulses 
coming from the larynx. Their nutrition will improve and their laryn- 
gitis may disappear. Whether this improvement in the laryngitis is 
entirely secondary, resulting from the improvement in general health 
due to the patient’s ability to eat properly, or whether there is some direct 
effect, we cannot say. 


ANATOMY 


The following description has been taken from Gray’s Anatomy: 


The superior laryngeal nerve arises from the middle of the ganglion nodosum, a 
portion of the vagus nerve formed after its exit from the jugular foramen and 
joined by the cranial portion of the accessory nerve. In its course it receives a 
branch from the superior cervical ganglion of the sympathetic. It descends, 
by the side of the pharynx, behind the internal carotid artery, and divides 
into two branches, external and internal. The external branch, the smaller, 
descends on the larynx, beneath the sternothyroideus, to supply the cricothy- 
roid muscle. It gives branches to the pharyngeal plexus and the constrictor 
pharyngis inferior, and communicates with the superior cardiac nerve, behind 
the common carotid artery. The internal branch descends to the larynx by 
piercing the thyrohyoid membrane. It supplies the mucous membrane cover- 
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ing the internal and pharyngeal surfaces of the larynx and the mucous mem- 
brane of the base of the tongue. 


The superior laryngeal nerve was sought as it pierced the thyrohyoid 
membrane in the first patient. This approach, though successful, was 
extremely tedious and was therefore abandoned. The remaining opera- 
tions aimed at interrupting the nerve nearer its origin. The following 
technique has been followed: 


Anaesthesia: One per cent novocaine infiltration. 

An incision is made along the mesial border of the sternomastoid muscle 
extending from the level of the thyroid cartilage upward about 2.5 inches. 
This incision is carried down to the carotid sheath. The internal jugular 
vein is retracted laterally and the upper end of the common carotid and the 
lower portion of the external carotid artery are laid bare. The origin of the 
superior thyroid artery from the external carotid has proved the most de- 
pendable landmark as a guide to the superior laryngeal nerve. The nerve 
crosses beneath the carotids from without inward and downward just above 
the origin of the superior thyroid artery. Pinching the nerve produces the 
pain that the patient has been having when swallowing. 

The nerve is injected with 95 per cent alcohol, crushed and severed. The 
wound is closed in layers with fine catgut and the skin is closed with interrupted 
sutures of silk. 

Several variations in the position and course of the superior laryngeal nerve 
have been encountered in this small series. In some individuals the course 
of the nerve is almost parallel to that of the carotid and it crosses beneath the 
carotids an inch or more above the origin of the superior thyroid artery. In 
other patients the course of the nerve is almost perpendicular to that of the 
artery passing directly to the thyrohyoid membrane from a point a little below 
the origin of the superior thyroid artery. 


The operation was unsuccessful in one instance, when no superior 
laryngeal could be located. It is probable that as the number of opera- 
tions increases the chances of failing to locate the nerve will be materially 
diminished. 

All the remaining patients were able to drink water without pain be- 
fore leaving the operating room. 


RESULTS 


Unilateral superior laryngeal nerve block was performed in 5 cases; 
cases 2, 3, 5, 8, 9. Bilateral operation was performed on 3 patients; 
cases 1, 6and 7. In the first of the 3 bilateral cases, the operation was 
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done simultaneously, while in the second and third cases the second 
operation followed the first in one and two months respectively. In case 
4, an unsuccessful attempt to block the superior laryngeal nerve was 
made without any beneficial change in the patient’s clinical condition. 
Of the 8 successful cases, four, or 50 per cent, had complete relief; that is, 
the abolishment of spontaneous pain and regaining the ability to swallow 
food and liquids served in the regular sanatorium diet without discom- 
fort. It was observed that their mental attitude improved greatly and 
in some also the expectoration was increased because of the absence of 
prohibitive laryngeal pain. The importance of the effect of adequate 
expectoration upon respiratory capacity, absorption of decomposed 
tissue and bacillary products and general toxicity is appreciated by all 
clinicians. 

One patient gained 4 pounds in two months after operation. Of the 3 
patients with bilateral laryngeal nerve block, two had complete, and one 
partial relief. The laryngeal pain became less marked and only slight 
dysphagia remained even in the latter case after nerve block on the more 
sensitive side followed by a second operation on the opposite side two 
months later. Gradual improvement set in after the second operation, 
but the patients complaints never entirely disappeared. It is probable 
that the tuberculous process was spreading beyond the innervation area 
of the superior laryngeal nerve in this case. Complete relief was re- 
corded in two of the 5 unilateral cases. The laryngeal findings in case 3 
were both arytenoids swollen and congested; interarytenoid area thick- 
ened and congested; prolapse of ventriculus morgagni, particularly on 
the right side; vocal cords and epiglottis inflamed. No ulcers visible. 
Extensive bilateral involvement was seen in case 9. The operation on 
both of them was performed on the more involved and more painful side. 
In the latter case, laryngeal examination two months after operation 
showed marked improvement in the local condition. We think that in 
this patient the nerve block was an important contributory factor to the 
healing of the laryngeal tuberculosis. 

Further analysis of the unilateral nerve block cases shows that spon- 
taneous pain was entirely relieved without any amelioration of the dys- 
phagia in one patient. Pain and dysphagia were abolished for one 
month and twenty-four days, respectively, in two cases. Spontaneous 
pain and difficulty on swallowing developed on the nonoperated side in 
both of them at that time. All patients with unilateral nerve block 
had bilateral laryngeal tuberculosis. Two patients with unilateral and 
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two with bilateral nerve block complained of cough due to aspiration of 
liquids into the larynx during meals. The aspiration was due to the 
lack of sensation in and the incomplete closure of the epiglottis. It 
lasted for two days in case 2; three days in case 5; one day in case 6; 
and twenty-eight days in case 7. 


Duration of Relief 


Case 1: 14 days; death 

Case 2: 60 days; left sanatorium; still relieved 

Case 3: 14 days; death 

Case 4: Attempt only 

Case 5: 24 days; death 

Case 6: 21 days; then pain on opposite side; death, 30 days 
Case 7: 66 days; then pain on opposite side 

Case 8: 4 days; death 

Case 9: 90 days; patient is improving continuously 


CONCLUSIONS 


1. Surgical block of the superior laryngeal nerve is followed by im- 
mediate relief from pain and dysphagia. 

2. Unilateral operation may establish gratifying results in bilateral 
disease. 

3. Bilateral operation, done simultaneously, should be resorted to, 
when there is excessive bilateral pain. 

4. Expectoration becomes more comfortable and may increase in 


amount. 

5. Aspiration while eating usually disappears in a few days. It was 
present in 4 out of 8 successfully operated cases. 

6. If performed early, the operation may favorably influence the course 
of laryngeal and pulmonary tuberculosis. 

7. Its effect upon the psyche of the patient is of great value. 

8. This operation could be used for abolishing pain in inoperable 
laryngeal malignant tumor or as a preliminary measure before major 
intralaryngeal surgery. 
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Case Reports 


1: S. C., 30 years old, white, female. Far-advanced pulmonary tuberculosis, involving both 
lungs throughout with multiple small cavitations on the right and one large cavity on the left 
side. 

Laryngeal complaints: Persistent pain in throat, worse on coughing and very severe on 
swallowing food or even liquids. 

Laryngeal examination: All structures of larynx congested, both arytenoids markedly 
enlarged and oedematous. Bilateral ulceration of vocal cords. 

No improvement on vocal rest and local treatment. 

Bilateral superior laryngeal nerve block performed on September 9, 1929. The right 
nerve was located as it entered the thyrohyoid membrane through a transverse incision just 
lateral to the midline at the level of the hyoid bone. The left superior laryngeal was located 
with considerable difficulty through a similar transverse incision on the left side. 

Immediate relief from pains followed operation. The patient was able to drink two 
glasses of ice-water without discomfort upon completion of the operation on the right side. 
She took one glass of milk, one cup of tea, one banana and one serving of pudding for lunch an 
hour after operation was finished. She was given regular house diet from this time on and 
was able to swallow meat, vegetables, toast, cake, biscuit, and fruit without pain which she 
had not been able to do for several months. 

The expectoration increased greatly after operation. 
Patient died from pulmonary tuberculosis two weeks after operation. 


2: C. B., 40 years old, white, female. Far-advanced pulmonary tuberculosis, involving right 
upper lobe, with large cavitation, and left lower lobe. 

Laryngeal complaints: Excessive cough, pain in larynx, with and without swallowing. 
Hoarseness. 

Laryngeal findings: Multiple ulcerations on epiglottis. Oedema and congestion of both 
arytenoids, interarytenoid area and vocal cords. 

No improvement from local treatment. 

Right superior laryngeal nerve block performed on September 17, 1929. The nerve 
readily located as it emerged from beneath the carotid just above the level of the origin of the 
superior thyroid artery. Injected with 95 per cent alcohol and severed. 

Laryngeal pain completely relieved following operation. Patient complained of aspirating 
food while eating during first two days. Occasional pain on swallowing; also pain radiating 
to left ear was again noted since one month after operation. Still patient was able to take 
nourishment satisfactorily. 

Two months after operation, patient developed symptoms of intestinal tuberculosis and 
left the sanatorium against medical advice. 


3: W.S., 25 years old, white, male. Far-advanced pulmonary tuberculosis, involving entire 
extent of both lungs, with large cavity in right apex and multiple cavitations in left upper lobe. 

Laryngeal complaints: Unable to eat because of pain on swallowing on left side of neck. 
Slight hoarseness. 

Laryngeal findings: Both arytenoids are swollen and congested. Interarytenoid area 
thickened and reddened. Prolapse of ventriculus morgagni, particularly on the right side. 
Vocal cords and epiglottis inflamed. No ulcers visible. 

Local treatment was of no relief. 

Left superior laryngeal nerve block performed on February 10, 1930. The nerve was 
injected with 95 per cent alcohol and severed at a point just distal to its emergence from be- 
neath the carotid artery. The nerve was located readily through an incision along the mesial 
border of the sternomastoid muscle. 
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Patient stated that all pains on swallowing disappeared since operation. To cite his own 
words, as we have it on record, he said, “‘It is a pleasure now to eat.” 
His far-advanced pulmonary tuberculosis, however, ended his life two weeks after the 


laryngeal operation. 


4: R. B., 26 years old, white, male. Far-advanced pulmonary tuberculosis. No relief 
following attempt of laryngeal nerve block, May 15, 1930. Nerve could not be located. 

Laryngeal findings: Both arytenoids reddened and oedematous, ulceration on right side. 
Vocal cords thickened and injected. Interarytenoid area thickened and congested. 


5: A. F., 27 years old, white, female. Far-advanced pulmonary tuberculosis involving entire 
extent of both lungs. 

Laryngeal complaints since eight months before operation. Laryngeal pain recurring at 
first, persistent later on, aggravated by swallowing food. 

Laryngeal examination: Marked congestion and oedema of epiglottis and arytenoids; 
band-like thickening of infiltrated interarytenoid area. Vocal cords cannot be seen because 
of oedema of overlying tissues. 

No relief from routine laryngeal measures. 

Left superior laryngeal nerve block on December 2, 1930. The nerve was readily located 
as it emerged from beneath the carotid about one-fourth inch above the origin of the superior 
thyroid artery. It was injected with 95 per cent alcohol and severed. 

Patient was able to swallow liquids and solid food without pain after operation, though she 
complained of occasional soreness on the right (nonoperated) side of her throat. She was 
conscious of aspirating some food into the larynx while eating, that caused cough and choking 
sensation during the first three days. No such complaints thereafter. Her meals consisted 
of regular dishes served at the institution and she was eating normal amounts with good ap- 


petite. A few days before death, twenty-four days after operation, patient complained of 
severe pain in right side of throat that made swallowing difficult but due to her extremely 
weak condition operation was inadvisable. 


6: M. M., 30 years old, colored, female. Far-advanced pulmonary tuberculosis, involving 
entire left lung with large cavity in apex and one-third of the rightlung. Laryngeal complaints: 
Hoarseness, severe cough, difficulty in swallowing because of pain that made it almost im- 
possible to take enough food to satisfy need of patient. 

Laryngeal findings: All laryngeal structures congested. Marked swelling of both aryte- 
noids. Saw-like granulation at interarytenoid area. Both vocal cords reddened and show 
multiple ulcerations. Bilateral prolapse of ventriculus morgagni. No improvement on vocal 
rest, local applications and ultraviolet irradiation. 

Left superior laryngeal nerve block on December 6, 1930. The nerve was located with 
some difficulty because it passed beneath the carotid just above the origin of the superior thy- 
roid artery which was unusually high, being above the angle of the jaw. Nerve injected 
with 95 per cent alcohol and crushed with forceps. 

Patient had very little pain on swallowing following operation. There was sign of aspira- 
tion during meals. Patient had a sensation of swelling on right side of throat for twenty- 
four hours. It is worth recording the change in patient’s ability to eat. Biscuit, cereal, 
coffee and milk for breakfast; chicken, potatoes, soup, bread and butter and ice-cream for 
dinner were taken without any consciousness of pain day following operation. From that 
time on, she was served the regular house diet including meat, toast, vegetables and fruit. 
No pain on swallowing was indicated by the patient during subsequent weeks. She had an 
excellent appetite and was able to eat whatever came before her at meals. The expectoration 
considerably increased; severe cough. Started to complain of pain at the right side of larynx 
toward end of December, about three weeks after nerve block on left side. 
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Right superior laryngeal nerve block was performed on January 5, 1931. Nerve located 
at about the same level as on the left side. Injected with 95 per cent alcohol and crushed. 
Complete relief from pains. Died from massive pulmonary haemorrhage on next day. 


7: J. K., 45 years old, white, male. Far-advanced pulmonary tuberculosis, involving all 
lobes. Laryngeal complaints: Hoarseness and pain in larynx with and without swallowing; 
inability to eat because of pains. 

Laryngeal findings: Both arytenoids congested and oedematous. Left vocal cord is 
thickened. Prolapse of left ventriculus morgagni. Diagnosis: Laryngeal tuberculosis. No 
relief from local treatment. 

Laryngeal nerve block on right side on January 5, 1931. Nerve located readily as it 
emerged from beneath the carotid one-half inch above the origin of the superior thyroid 
artery. Nerve injected with 95 per cent alcohol and crushed. 

During first two days following operation, patient had some difficulty in swallowing be- 
cause of aspiration. Later on, laryngitis seemed to be much less uncomfortable and there 
was very little dysphagia. Sixteen days after operation, there was still some tendency to 
aspiration while eating, particularly on swallowing liquids. This faulty swallowing entirely 
disappeared in four weeks from the time of operation. 

To alleviate the laryngeal pain patient was complaining about, a superior laryngeal nerve 
block was performed on the left side on March 12, 1931. The nerve was located as it 
emerged from beneath the carotid just above the origin of the superior thyroid artery. In- 
jected with 95 per cent alcohol and crushed. 

Trouble in swallowing was noticed again. Patient complained that drinking of liquids 
makes him cough. Gradual improvement in this condition was observed since the nine- 
teenth day following operation, though complaints never entirely disappeared until death of 
patient from pulmonary tuberculosis on April 11, 1931. 


8: B.S., 43 years old, white, female. Far-advanced pulmonary tuberculosis involving entire 
extent of both lungs. 

Laryngeal complaints: Hoarseness, persistent pain in larynx that rendered swallowing 
practically impossible. 

Laryngeal findings: Epiglottis and both arytenoids oedematous and congested. Both 
vocal cords thickened and congested, showing several small ulcers, more on left side. 

Left superior laryngeal nerve block performed on February 12, 1931. Nerve found after 
rather long search crossing anterior to the internal carotid about one inch above the origin 
of the superior thyroid artery. Nerve injected with 95 per cent alcohol and crushed. 

Spontaneous laryngeal pains immediately relieved. No relief from pains on swallowing. 
Died four days after operation. 


9: J. E., 48 years old, white, male. Far-advanced pulmonary tuberculosis involving upper 
two-thirds of both lungs. 

Laryngeal complaints: Hoarseness, laryngeal pains because of which patient was unable to 
take enough food to satisfy his hunger; excessive cough. Extreme pain when swallowing 
water. 

Laryngeal findings: Epiglottis congested and swollen. Both arytenoids are congested, 
oedematous and greatly enlarged, more on the left side. Left vocal cord normal. Right 
vocal cord not visible because of the presence of large, grayish granulation tissue that covers 
its entire extent and protrudes considerably toward left vocal cord. 

Right superior laryngeal nerve block performed on September 10, 1931. The nerve was 
located with some difficulty since it apparently crossed beneath the carotid quite high and 
descended nearly parallel to the vessel until it reached the level of the origin of the superior 
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thyroid artery, when it turned mesially toward the thyrohyoid membrane. Injected with 
95 per cent alcohol and crushed with forceps. 

No difficulties in swallowing due to aspiration following operation. Patient stated that 
he has been able to to eat regular diet, including toast, meat, vegetables and fruit without any 
pain. Gaining in weight continuously, 4 pounds since operation. 

Laryngeal examination two months after operation showed marked decrease in the swelling 
and congestion of laryngeal structures. Motor function normal. Patient’s voice is still 
hoarse, but he is able to speak much louder than prior to operation. 


CALCIFIED PULMONARY MILIARY TUBERCULOSIS! 
BARNET P. STIVELMAN 


Chronic miliary tuberculosis of the lungs is of very rare occurrence. 
It was observed four times in a series of over 8,500 tuberculosis patients 
who were subjected to thorough physical and roentgenographic exam- 
inations. 

It is noteworthy that this condition was known long before the dis- 
covery: of the roentgen-ray, but there is apparently no available record 
to show that the affection had ever been discovered during life without 
its aid. 

Wunderlich (1), in 1860, was perhaps the first to report a patient of 
this type, who died from causes other than tuberculosis four months 
after the onset of symptoms. Postmortem studies revealed old miliary 
tuberculosis. Longcope (2), in 1906, described 6 instances of chronic 
miliary tuberculosis. Northrup (3), in 1914, was probably the first to 
show roentgenological evidence of chronic miliary tuberculosis of the 
lungs in a boy of six. More recently Von Muralt (4), Bierman (5), 
Walgren (6), Stivelman and Hennell (7), Opie (12), Preston and Jeaffer- 
son (8), Pierson (9), Uhr (10), and others have reported similar 
observations. 

The recent increase in case reports shows that this disease is of more 
than academic interest. It is a matter of common knowledge that 
miliary tuberculosis, involving a part of or an entire lobe of the lung, is 
not necessarily of the gravest prognostic import. On the other hand, 
miliary involvement of both lung fields almost invariably evokes a fatal 
prognosis. 

The course of chronic miliary tuberculosis is unknown in the vast 
majority of patients because of the lack of follow-up data, but it is fair 
to assume that most of them ultimately succumb to phthisis, as did 
Muralt’s, Northrup’s, and one of our cases. Occasionally there may bea 
clearing of one lung, but the involvement of the contralateral side and 
remote organs may determine the fatal issue, as in the case described 
by Uhr. 


1 From the Medical Service of the Harlem Hospital, New York City. 
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However, in some there is a marked clearing of the lesion followed by 
an apparently permanent recovery, as in the case described by Pierson 
and one of our patients, previously reported. This young man, taken 
ill with what proved to be a chronic miliary lung process and given a fatal 
prognosis in 1921, has made a complete physical and economic recovery 
which has now lasted for over ten years. 

It is generally agreed that it is rarely possible to make an early 
differential diagnosis between the acute and fatal type of the disease, 
and the chronic form. The onset in both may be stormy, with severe 
prostration, dyspnoea, cyanosis, cough and rise in temperature. But, 
whereas the acute form is most often associated with generalized and 
meningeal involvement with the usual fatal issue, the chronic form may 
go on to resolution or fibrosis. However, the mere knowledge of the 
possibility of the existence of the latter and a little patience will often 
save great distress to the patient and his family and embarrassment to 
the physician. 

It is different in the exceedingly rare cases of healed or calcified miliary 
tuberculosis of the lungs. Here there is no history suggestive of a pre- 
existing pulmonary ailment. These cases are discovered either by the 
routine chest films or, more rarely, after death from other causes. There 
can be little doubt, however, that these patients had a clinical lung 
process at one time, but the lesion, instead of being completely ab- 
sorbed, was healed or actually calcified, because of the great tissue re- 
sistance, an attenuated organism or both. 

Burkardt (11), in 1873, described 2 such cases, and Opie and Ander- 
son (12) described the case of a boy of 14, who died from purulent peri- 
tonitis, in whom a postmortem examination disclosed calcified pulmo- 
nary miliary tuberculosis. More recently, Baer (13) and Blaine (14) 
described similar cases. 

In this connection the following case may be of interest: 


G. L., a colored female, 31 years old, whose family history was irrelevant, 
was admitted to the Harlem Hospital, May 21, 1931, complaining of breath- 
lessness and palpitation of two weeks’ duration. She had had the usual dis- 
eases of childhood, in addition to pneumonia on two occasions and four preg- 
nancies which ended in miscarriages, each three months before term. She 
definitely remembered having had at least three attacks of palpitation, breath- 
lessness and weakness prior to admission, the first fifteen and the last nine 
years ago. However, they never were severe enough to confiine her to bed 
until the present experience. 
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Physical Examination: Disclosed a markedly undernourished young 
woman, 5 feet, 2 inches in height, weighing 85 pounds. The thyroid was not 
appreciably enlarged. There was a fine tremor of the fingers, but no exophthal- 
mos. The heart was not enlarged, but was rapid and regular, and no mur- 
murs were heard. The lungs were clear. The peripheral vessels were slightly 


sclerotic. 


Fic. 1. Shows numerous round shadows scattered throughout both lung fields. These 
shadows are regular in outline and practically of uniform size and density,—calcified tubercles. 


While at the hospital, the patient ran a low-grade fever, ranging between 
normal and 100°F. The pulse averaged 120. The blood-pressure was 140 
systolic, 70 diastolic. 

The laboratory findings were as follows: Total white cells 12,800, polymor- 
phonuclears 75 per cent, lymphocytes 25 per cent, haemoglobin 45 per cent. 
The red blood cells numbered 3,050,000. The urine showed 2 plus albumin, 
and an occasional white blood cell. The blood Kahn was 2 plus. The blood 


440 BARNET P. STIVELMAN 


chemistry showed creatinin 1.3 mgm., urea nitrogen 14.3 mgm., sugar 81.00 


mgm. per 100 cc. 

An electrocardiographic tracing, taken May 22, showed an auricular flutter 
with a 2 to 1 rhythm. On May 25, there was a sinus tachycardia and dia- 
phasic T in leads 2 and 3. The basal metabolic rate was plus 62 on admission 


and receded to plus 28 on July 27. 


Fic. 2. Shows tuberculous infiltration and extensive cavitation in upper lobes of both 
lungs. Scattered throughout both lung fields are numerous shadows of great density and 
various sizes and forms,—broncholiths. While at the hospital the patient coughed up more 


than 40 stones. 


During this period, the patient gained 8 pounds. She was given injections 
of neosalvarsan and bismuth once weekly, Lugol’s solution, min. 10, t.i.d., and 
a high caloric diet. 

On July 28, she was operated on under avertin anaesthesia. Both lobes, 
the right more than the left, and the isthmus were found enlarged, but the 
patient ceased to breathe on the operating table. The final diagnosis was 
“toxic goitre.” 
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In so far as the present discussion is concerned, the teleroentgenogram 
of the chest is of greatest interest. (Figure 1.) The size of the heart 
was within normal limits and scattered throughout both lung fields there 
were numerous round shadows, regular in outline and practically of uni- 
form size, which appeared to be tubercles that had been healed and 
undergone extensive calcification. 

Calcified miliary tuberculosis of the lungs can be readily recognized 
because no other pulmonary process gives quite the same roentgen 
appearance. Miliary sarcomatosis produces shadows of varying size 
and densities; moreover, the shadows are not regular and circular in 
outline and a primary tumor is usually detected. 

Miliary carcinomatosis can simulate calcified miliary tuberculosis 
most closely, but, while the shadows are small, dense and round, they 
are of varying size and a primary neoplastic condition is almost always 
recognizable. 

Perhaps the greatest difficulty may be encountered in differentiating 
calcified miliary tuberculosis from broncholithiasis. (Figure 2.) Here 
the lung stones are of uniform size and great density and may be distrib- 
uted throughout both lung fields, but they do not often cast round 
shadows in the roentgen film. Moreover, the patient may give a 


history of occupational hazards that predispose to lung-stone formation, 
as well as the frequent expectoration of these stones. 
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MASSIVE ATELECTASIS COMPLICATING PULMONARY 
TUBERCULOSIS! 


With Two Case Reports 
LOUIS I. SOKOL 


The purpose of this paper is to give a resume of the subject of Massive 
Atelectasis, and to present 2 cases occurring as complications of pulmo- 
nary tuberculosis. 

In one of these cases, we can trace the aetiological cause by means of 
our roentgenograms, while in the other we must differentiate massive 
atelectasis from spontaneous pneumothorax, in a case of artificial pneu- 
mothorax. 

There are some confusion and disagreement in the literature as to the 
proper application of the term massive atelectasis. It is frequently used 
interchangeably with the term collapse, and references to atelectasis, 
caused by fluid and other agents creative of a positive intrapleural 
pressure, are numerous. Scott proposed that the term active atelectasis 
be used to describe collapse of the lung caused.by bronchial obstruction, 
in order to distinguish this type of case from passive collapse or passive 
atelectasis, which is due to compression of the lung by pneumothorax, 
effusion of fluid in the pleural cavity, or toa tumor. Jackson and Lee, 
however, in describing collapse due to bronchial obstruction, prefer the 
term atelectasis to collapse, because the latter suggests the simultaneous 
collapse of alveolar tissue and bronchi as it occurs in all cases of increased 
and positive intrapleural pressure, whereas, in the so called postoperative 
massive collapse of the lung, collapse of the bronchi does not take place. 

Historically, the earliest report of the phenomenon known as massive 
atelectasis was made in 1844 by the French authors Legendre and Bailey, 
who described it as a frequent complication of bronchitis in children, 
with its aetiology in ‘“‘partly the imperfect respiratory movements and 
partly the obstruction of the bronchi with secretions.” Mendelssohn, 
in the same year, and Traube, in 1846, demonstrated that an artificial 
occlusion of a bronchial tube will induce atelectasis of the corresponding 
portion of the lung. Traube further demonstrated that the same condi- 


1 From the Sanatorium of the Jewish Consumptive Relief Association, Duarte, California. 
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tion will occur when the thoracic cavity is opened. In 1851 Gardiner 
advanced the view that atelectasis as a complication of bronchitis is 
caused by a mucus plug which acts as a stop-valve, blocking the funnel- 
like bronchus during inspiration, but permitting the exit of air during 
expiration, thus emptying the obstructed portion of the lung of air. 
Nine years later, in 1860, Barthels demonstrated in a number of autopsies 
the presence of mucous secretions in the bronchi corresponding to the 
atelectatic portions of the lung. He also called attention to atelectasis 
of the base following bronchial diphtheria, and corroborated Virchow’s 
view of the air-absorbing capacity of the blood in the capillaries encircling 
the alveoli. Jurgenson, writing about the same time, pointed out that 
the lowest and posterior segments of the lung are the most frequently 
subject to atelectasis. He believed that the incomplete respiration 
that nominally occurs in those areas facilitates the accumulation of 
mucus in the corresponding bronchi. He further pointed out that the 
pressure exerted by the elastic walls of the alveoli and the surrounding 
lung is an important factor in the process of air-absorption by the blood. 
Lichtheim, in 1879, by obstructing the bronchi of rabbits with sticks of 
lamenaria, demonstrated not only the importance of obstruction in the 
production of collapse, but also the réle played by the blood in the absorp- 
tion of air. He established the speed of absorption as: CO, in from 10 
to 30 minutes, pure O, in 45 minutes and N only after 24 hours. In 
1914, Pasteur reported a number of cases in which he had observed the 
coincidence of collapse with paralysis of the diaphragm. The latter he 
considered a frequent factor in the production of massive collapse. 

Rose-Bradford (1918-1919) analyzed several cases of collapse second- 
ary to gunshot wounds. In cases of perforation with haemothorax, he 
explained the production of collapse by the possible blocking of a bron- 
chus by clotted blood or by compression of the lung. 

Histologically, the lungs are generally thought of as membranous 
sacs, composed of connective tissue of a very elastic character, support- 
ing innumerable capillary blood-vessels in the walls of the sacs. Accord- 
ing to Macklin, not only are the walls of the bronchi and bronchioles 
largely composed of nonstriated muscle tissue, but even in the finer struc- 
ture of the air-sacs the lungs are essentially muscular organs. 

Macklin also shows that the bronchi, bronchioles and air-sacs have a 
definite muscular tonus, are contractile and carry on peristaltic move- 
ment. He quotes Dunn to the effect that the respiratory tract has three 
means of freeing itself from small foreign bodies and from accumulation 
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of the secretions of its walls: (1) The cough reflex; (2) the action of the 
cells; and (3) peristaltic movements in the air-sacs, bronchioles and 
bronchi. 

Henderson states that the lungs are innervated through the vagi and 
sympathetics. In mammals the vagi are generally described as exerting 
a tonic and constructive control over the calibre of the air-tubes and sacs. 

Physiologically, the expansion of the lung at inspiration can take place 
only when the intrapulmonary pressure is greater than the intrathoracic 
pressure by an amount sufficient to overcome the elasticity of the lung 
parenchyma. As a result of certain pathological changes, this pressure 
relationship may be altered so as to prevent the expansion of all or part 
of a lung, and thus induce collapse or atelectasis. This alteration in the 
pressure relationship will occur under any of the following conditions: 
(1) Obstruction of a bronchus, with a closed thoracic cavity; (2) open- 
ing of the thoracic cavity; and (3) compression of the lung by fluid or 
air present in the thoracic cavity. 

In the case of bronchial obstruction, the question arises: What physi- 
cal factors are involved in the absorption of air by the blood? Since 
absorption of air by the blood is possible only when the tension of the 
gases in the alveoli is greater than the tension of the same gases in the 
blood, we must look for a mechanism that sustains this higher alveolar 
pressure. Hartels maintains that the enclosed volume of air is kept at 
the higher tension level by the contraction of the muscles of the bron- 
chioles and by the elastic recoil of the lung tissue. In this type of case, 
it will be observed that, as the air is absorbed, the volume of the lung 
diminishes and a corresponding diminution of the intrathoracic pressure 
results. A similar condition is noted in the “cirrhotic lung” produced 
by the prolonged use of artificial pneumothorax. This condition is most 
probably due to a generalized fibrosis, which induces a loss of elasticity 
of that lung. The other lung, meeting a lessened intrathoracic pressure, 
will then gradually distend and displace the mediastinum and its contents 
toward the affected side. The added negative pressure necessary to 
hyperdistend a lung is small and almost negligible, being equal to a 
fraction of a millimetre. 

With regard to the second-mentioned condition under which collapse 
will occur, it is known that, if the thoracic cavity is opened, the lungs 
become completely airless in a short time. That the absorption of 
alveolar air by the blood is here again an important factor in the produc- 
tion of collapse, is shown by the fact that, if the pulmonary artery is 
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ligated, the lung will become airless only at its surface, to a depth not 
exceeding 1 to 2 mm., while the greater bulk of the lung will retain its 
residual air. This surface airlessness is due to the diffusion of the alveo- 
lar air through the alveolar walls and is a phenomenon independent of 
the circulation. It has been observed in the lungs of cadavers when 
exposed to air. 

In the third type of case, that in which the intrathoracic negative 
pressure is altered by an exudate or air present in the thoracic cavity, the 
lung collapses in the same manner as if the chest were opened, the rem- 
nants of minimal air being absorbed by the blood. It is with the first 
condition, which we know as massive collapse, that we now deal. 

Stoloff suggests the following aetiological classification, which would 
seem to cover the known causes of massive atelectasis: (1) intrabronchial, 
(2) extrabronchial, and (3) idiopathic. 

The intrabronchial type is that in which there is an obstruction within 
a bronchus by a foreign-body or tissue, or by an exudate acting as a 
foreign-body. The obstructing matter may be organic (beans, seed, 
nuts, etc.), inorganic (metallic objects, marbles, etc.), plugs of mucus, 
blood casts, blood clots, pus, or tumors (polypi, squamous cells, etc.). 
Jackson classifies intrabronchial obstruction into three types: 


1: The by-pass-valve type, in which the ingress and egress of air are permitted, 
thus causing neither collapse nor emphysema in the tributary lung. 

2: The check-valve type, which permits ingress, but prevents egress of air so 
that an obstructive emphysema of the tributary lung results. 

3: The stop-valve type in which neither ingress nor egress of air is permitted. 


With this type of obstruction, atelectasis results when the alveolar air 
already present is absorbed. 

To these three might be added a fourth valve type, which Gardiner 
calls a ‘“‘stop-valve”; one that permits egress, but not ingress of air. 
This type of obstruction will also lead to atelectasis. 

Postdiphtheritic collapse, of which Pasteur reported a number of in- 
stances, is, says Jackson, really due to obstruction of the air-passages by 
diphtheria exudates, and can be prevented by the routine removal of 
these exudates. 

When the obstructing agent takes the form of a mucus plug, the fate 
of the lung parenchyma, according to Coryllos, will depend upon the 
microbes infecting the obstructing mucus. A nonvirulent type of pneu- 
mococcus will induce atelectasis; a more virulent, pneumonia. . Pyogenic 
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and anaerobic organisms will produce suppuration or gangrene of the 
lung. 

In the extrabronchial type of obstruction, the lung may suffer from a 
sudden airlessness following compression of the bronchus by lymph 
nodes or by tumors situated outside the bronchus; or, as in the case report 
that follows, by a fibrous strand. Such compression may cause the same 
types of bronchial obstruction as are found in the intrabronchial group, 
that is, the by-pass-valve type, the check-valve type and the two stop- 
valve types. 

The extrabronchial type of obstruction occurs chiefly in early child- 
hood and has been seen by Manges at the Jackson Clinic and by Bucho. 
The phenomenon of pulmonary collapse in young children is supposedly 
due to external pressure of lymphatic structures producing stenosis of a 
bronchus. Sproul reports a case of pulmonary tuberculosis in an adult 
with collapse of, first, the lower lobe of the right lung, and later the upper 
lobe of the same lung. The collapse was definitely shown by bronchos- 
copy to be due to a main-stem bronchostenosis. This stenosis may have 
been the result of pressure from tuberculous lymph nodes, but the paucity 
of reported cases in adults, verified by autopsy findings, makes this 
merely a reasonable hypothesis, and then only because this has been 
shown to be the cause of similar collapses in young children. Sproul 
also reports 2 other cases of pulmonary tuberculosis in adults, in which 
roentgen findings revealed characteristics of pulmonary collapse due to 
bronchostenosis. 

It is a known fact that roentgenologists have seen massive atelectasis 
on roentgen films and have failed to recognize it as an entity, and it seems 
quite possible that this condition, due to bronchostenosis and associated 
with adult pulmonary tuberculosis, may also be escaping observation. 
If bronchostenosis and the consequent pulmonary collapse can be shown 
to be due to lymph-node pressure, then the therapeutic useof the roentgen 
ray might be taken into consideration, especially in view of the excellent 
results sometimes obtained by irradiation in the treatment of tuberculous 
lymph nodes of the neck. 

The idiopathic group of cases of atelectasis includes a number of 
reported cases in which there was no history of aspiration, the presence 
of a foreign-body in a bronchus, orbronchialcompression. Most ofthese 
have followed operative procedure on various parts of the body under 
local or general anaesthetics. 

Veach reports a case of massive atelectasis of the left lung which 
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developed about thirty hours after fracture of the pelvis. Smyth reports 
an instance of massive atelectasis in a girl, age 19, who was operated on 
for acute appendicitis ten hours after onset, under nitrous oxide and 
oxygen anaesthesia, and Gibson reports several similar instances follow- 
ing appendicectomies. Gibson also reports a case of massive collapse 
following gastroenterostomy for relief of duodenal obstruction. Several 
instances of atelectasis following thyroidectomy have also been reported. 

The following hypotheses have been offered to explain these instances 
of collapse: 


1: Caused by some disturbance of, or injury to the phrenic nerve. (Martin 
and Hare, Briscoe, and Schroeder and Green.) 

2: Immobilization of the thoracic wall and diaphragm permits the collection 
of secretions in the bronchial tree to such an extent that the admission of air 
is prevented. (Elliot and Dingley, and, to the same effect, Jackson, Lichteim 
and Mayer.) 

3: Posture and insufficient expansion play the most vital réle. (Rose-Brad- 
ford and Meyer.) 

4: Diphtheritic paralysis of the diaphragm. (Pasteur.) 

5: Injury to the vagus nerve causes a reflex spasm of the bronchioles, with 
resulting airlessness of the lungs (Sante). In support of this theory, Sante 


presents a case in which there was no history of operative procedure or of the 
presence of a foreign-body. 


It is noteworthy, however, that, in a large number of cases in which 
collapse of the lung was present, most of them cases of collapse fol- 
lowing surgery, Jackson obtained a restitution of the lungs, at times to 
normal aeration, by the removal of mucus plugs from the bronchial trees. 

A further possible factor in the production of massive atelectasis is 
mentioned by Ball: namely, fixation of the diaphragm. He reports a 
case of bilateral lobar atelectasis in a woman aged 48, the onset occurring 
three days after the onset of an acute pancreatitis. The observation 
that the lesser peritoneal cavity was distended with serum and the fora- 
men of Winslow mechanically obstructed, suggested the possibility that 
the fixation of the diaphragm was the greatest factor in the production of 
the collapse. 

Keith has called attention to the different factors concerned in the 
expansion of the upper and lower lobes of the lungs. The lower lobe is 
dependent on the excursion of the diaphragm and lower intercostal 
muscles. The upper lobes are expanded by the action of the upper inter- 
costals, the scaleni and the accessory muscles of respiration. .It should 
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be noted that paralysis of the diaphragm, resulting from a lesion of the 
cord or from the severing of the phrenic nerve, does not prevent the 
ascent and descent of this structure, since it is then in a flaccid state and 
subject to intrapleural and intraibdominal pressure, as in the case just 
mentioned. 

It has been suggested that incomplete mechanical obstruction due to 
the following causes may also lead to atelectasis: (1) A reflex contrac- 
tion of the bronchial muscles; (2) a swelling of the mucosa (Briscoe), 
comparable to angioneurotic oedema (Scott); and (3) a vasomotor re- 
flex (Scott). 

The reflex-contraction-of-the-bronchial-muscles view seems to be 
ruled out, however, by the fact that spastic contractions of the bronchial 
muscles produces emphysema and not collapse, as is seen in asthma, 
allergy or anaphylactic organic shock in the lungs. 

Pathologically, we find that the gross appearance of the atelectatic 
lung is usually striking because of the relative difference in the size of the 
lobes. The atelectatic lobe is smaller and, when in situ, is almost hidden 
by the compensatory emphysematous upper lobe. There is generally a 
narrow zone of tissue at the upper border of the affected lobe that is 
flabby or limp, or pasty and airless. 

The atelectatic lung is a dark purplish red in color and the overlying 
pleura is clear and glistening. 

The cut-surface is dark red and, when scraped, a serous exudate will 
accumulate. There is no dripping of serum, as from the oedematous 
lung found in cases of acute passive congestion or oedema. 

On microscopic section, a few alveoli, the walls of which are in apposi- 
tion, will be found, but most of the alveoli contain a cellular exudate, 
which, for the most part, consists of mononuclear leucocytes, red blood 
cells and serum. ‘The epithelial cells lining the alveoli are prominent 
and more or less cuboidal in shape owing to contraction. The bronchi 
are clean. The blood-vessels are tortuous and the veins distended. 

The symptoms of massive atelectasis, while striking, are not, without 
the confirming aid of the flouroscope and roentgenograms, sufficiently 
characteristic to establish a definite diagnosis. The patient is seen to 
be acutely ill and uncomfortable. Pain may be present on the affected 
side. There is marked cyanosis, and tachycardia is common and promi- 
nent. Dyspnoea is generally quite a definite feature, depending largely 
for its extent upon the degree of atelectasis. A cough develops, which is, 
at first, nonproductive, though later there is a mucoid and still later a 
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mucopurulent expectoration. There is never the prune-juice expectora- 
tion of pneumonia, however. Chills have occasionally been reported, 
the rule being for the development of a temperature up to 102° and 103°F. 
The white blood count usually ranges from 12,000 to 20,000. 

In a well-developed case, the physical findings show a marked immo- 
bility of the affected side of the chest, and a narrowing of the interspaces 
on that side. Vocal fremitus, at first quite distinct, as the condition 
develops, becomes diminished, and then, with complete airlessness of the 
lung, absent. There is dulness to flatness over the affected area, simu- 
lating massive fluid, and absence of all true vesicular breath-sounds, and 
possibly hyperresonance over the rest of the chest. A complete absence 
of adventitious sounds is found, and is an important diagnostic sign. 

The roentgen appearance in collapse of the lung will depend on the 
extent of the collapse and, to some degree, on the aetiological factors 
involved. Holmes states that the degree of density depends on the 
completeness of the collapse and the presence or absence of ‘‘drowning.” 
The involved area is more dense than the surrounding lung, and the 
mediastinal contents are usually displaced toward the affected side. The 
diaphragm is high, and in the early stages there is absence of respiratory 
excursion. The intercostal spaces are narrow, but the costophrenic 
sinus is usually not obliterated. 

If only one lobe is involved, the dull area will correspond to the region 
of the involved lobe. The lower margin of the involved lobe is likely 
to be sharply defined, the upper rather mottled and indistinct. When 
the collapse is in the upper lobe, the displacement of the heart and trachea 
toward the affected side is less marked. 

In some cases of massive atelectasis, if a considerable amount of fluid 
is in the air-passages, the shadows may be more dense and the outline 
of the diaphragm obliterated. There will also be considerably less dis- 
placement of the mediastinal contents. 

In cases which show a delay or failure of the atelectatic lung to expand, 
and particularly when a lower lobe is involved, the roentgen-ray reveals 
a complete disappearance of air from the affected lobe, a dilatation of 
the bronchi, and a triangular area of dulness between the diaphragm, the 
heart and the normal lung tissue. The diaphragm on the affected side 
is generally somewhat high and its movement somewhat limited. 

Differentiation from pneumonia, pneumothorax (spontaneous), and 
pleurisy with effusion frequently becomes necessary. 

In pneumonia, inspection usually shows the respiratory movements 
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of the affected side, especially after the occurrence of hepatization, to 
be diminished. An increased vocal fremitus over the pneumonic lung is 
heard on auscultation. In the stage of engorgement and resolution, the 
quality of the percussion note is generally tympanitic, while, in the hep- 
atization stage, the note is very dull. The percussion note over the 
unaffected portion is hyperresonant (or tympanitic). In the early stages, 
auscultation generally reveals a feeble respiration. Less frequently the 
respiration is harsh and bronchovesicular. The chief physical sign at 
this stage is a crepitant rale, heard at the close of deep inspiration. With 
the completion of solidification, bronchial breathing and bronchophony 
appear, but, as resolution progresses, crepitant rales reappear, followed 
shortly by moist rales of varying size, the respiration loses its bronchial 
character, and the voice-sounds grow less and less tense. 

In differentiating acute massive collapse from pneumonia by roent- 
genograms, we see that the character of the shadows produced by these 
conditions resemble each other to such an extent that a differentiation 
from shape, density and position would be impossible. In pneumonia, 
however, the displacement of the heart and trachea to the affected side 
is absent or slight; the position of the diaphragm may be high, but not 
extreme; there is usually some respiratory excursion present, and marked 
dull patches in the opposite lung are not infrequent. An important 
diagnostic sign is the marked change in, or complete disappearance of, 
the dull area following cough or change in position. 

When there is pleurisy with effusion, inspection discloses a respiratory 
excursion that is deficient or absent on the affected side and exaggerated 
on the healthy side. Vocal fremitus is almost always absent over the 
effusion and exaggerated above it. Percussion reveals dulness or flat- 
néss corresponding to the position and volume of the fluid, and tympany 
above. With the patient in the sitting posture a small right-angled tri- 
angle of dulness is usually found along the spine on the side opposite the 
effusion (Grocco’s sign). In left-sided pleurisy the semilunar tympanitic 
space above the costal border and between the liver and spleen (Traube’s 
space) is generally obliterated. There is a respiratory murmur that 
becomes more and more feeble and distant, and finally disappears. 
Voice-sounds are absent. Friction sounds are suppressed or audible at 
the upper border of the fluid. In marked contrast to the massive atelec- 
tasis which causes a displacement of the heart and trachea toward the 
affected side is the tendency of fluid to push these organs from it. Roent- 
genograms reveal the presence of fluid. 
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In spontaneous pneumothorax there is found an enlargement of the 
affected side, bulging of the interspaces, and a displacement of the me- 
diastinal contents toward the affected side. Vocal fremitus is diminished 
orabsent. On percussion a loud hyperresonant note is heard. In many 
cases, breath- and voice-sounds are entirely absent. In other instances, 
the sounds are transmitted well and have a peculiar amphoric or metallic 
quality. A metallic tinkling is also frequently present. 

Other conditions also to be differentiated from massive collapse are 
(1) acute dilatation of the heart, (2) infarction, (3) diaphragmatic 
hernia, (4) pulmonary embolus, and (5) thrombosis. 


In reference to treatment Henderson states that in many any stimulus 
which tends reflexly to influence respiration toward deep or shallow 
breathing will act also on the lung to alter the calibre of the air-tubes, 
that is, to dilate or constrict them. Thus, from the standpoint of physi- 
ology, the most significant factor is the influence of the depth of breath- 
ing on the patency of the lungs. Shallow breathing strongly predisposes 
to bronchial obstruction and thus to atelectasis in the obstructed area. 
Contrariwise, deep breathing tends to distend the lungs and to reopen 
areas of atelectasis. 

The natural stimulus to deep breathing is the carbon-dioxide produced 
within the body. Here the introduction of inhalation of oxygen contain- 
ing 5 per cent carbon dioxide is a practical clinical method for preventing 
atelectasis and for causing the lung to dilate again after it has collapsed. 
Therapeutic hyperventilation with CO, has been found to produce strik- 
ing benefits, both clinically and roentgenologically, and, when followed 
by postural drainage and turning the patient from side to side, has 
cleared up the uncomplicated cases within a very short time. Ina series 
of cases so treated by Scott no patient had any important symptoms of 
massive atelectasis for more than 24 to 48 hours, whereas it was common 
before the institution of these measures for the serious symptoms to 
extend over a period of a week or more. 

When, however, the use of CO, and the more conservative measures 
fail because of the gradually increasing viscosity that follows the loss, 
after a few days of the fluid content of the secretion, bronchoscopic drain- 
age should be considered. The purpose of bronchoscopy is to relieve the 
point of obstruction and establish an airway beyond it, to restore the 
cough reflex and stimulate the patient to expel the masses of secretion. 
Dr. Tucker, at the Germantown Hospital in 1923, reported the first case 


SOKOL 


LOUIS I. 


apis 
poyooye woly AeMe 
pue jo 


pieoy osye 
«JO 
pue 
Avq} UT “sesed 
Ul JUaSqe JDIOA 


yueuosaiiadAy pur 930N 


quasqe 
JO 


jo 
pue pairedury 


apis poyeye 
pue jo 


jo Jepi0qg 

jaddn ye Ajuo Jo 

pessoiddns ‘spunos 

Jo 
‘sinuminur 

Astinod 

ur soeds soqnery, 

jO 

‘aAoge 
‘ping J9A0 ssou}epy Io ssoujnq 


pue ‘uoIsnye 
JUISGe [VIOA 


apis 94} UO 
poyeisssexy ‘apis 
-Je oY} UO IO 
-yap syusmaAou 


uorjtsod jo 
esueyo IO 
Ieoddestp Jo 
Sun, ur 
‘Apuenbsrq 
JO ‘apis poyoye 
jo ou IO 
WSO] SPUNOS-99I0A 
94} 
ystour Aq 
aie pue 
‘sassorsoid 
-njose1 sy ‘ieedde Auoyd 
-oyouoiq pue 
jo 
pue 
ysiey ‘apqooy 
st ‘a8eys uy 
Si 9300 
poazeyeun 
UT 
forytuedurA} st 
-oSol pue SuLING 


sun] 
[VIOA 
JUISeId WOTSIND 
-xo Aloyertdsai 
apis 
jo sjuowAou 


vole 
soseds 
wseiydeiq ‘apis poyoye 
pue 
jo 


spunos 
ONT} 
pue jo sduesqy 


Sun] 943 JO 
-11e 
-destp pue ‘sdojaasp 
-Ipuod sev soysturmip 


apis poyeye 94} 
uo jo SUIMOI 
pue 


id 


u01SSNI49T 


uoynd 0g 


SNOANVINOdS 


NOIShdda HLIM ASTANATA 


SISVLOZTALV AAISSVA 


SISONOVIC 


MASSIVE ATELECTASIS 453 


of bronchoscopic drainage. Since then, he and Clerf of the Chevalier 
Jackson clinic have done many cases. 

To-day, the consensus of opinion is that the method of choice in the 
treatment of lobar atelectasis, occurring as a complication of pulmonary 
tuberculosis, seems to resolve about the use of artificial pneumothorax. 
This fact is substantiated by the various cases reported in the literature 
by Elkin, Glenn, Habliston, Packard, Rappaport, Wilson, and others, 
in which artificial penumothorax had been used successfully. 

Following are two case reports, in which artificial pneumothorax has 
been instituted in the treatment of acute massive atelectasis complicating 
pulmonary tuberculosis and in which the results have been most grati- 
fying. The main purpose was for the relief of symptoms resulting from 
cardiac and mediastinal displacement. 


H. P., White, female, age 21. Admitted to Sanatorium August 27, 1927. Fam- 
ily history negative. Past History: Cervical lymph nodes probably tubercu- 
lous, removed when three years of age. Course: Five years ago, patient be- 
gan to suffer from clinical symptoms of tuberculosis plus swelling of cervical 
lymph nodes on the left side. Bronchopneumonia in 1925. Course of tuber- 
culin for six months. Patient admitted to Sanatorium. Had attacks of 
coughing, during which she raised thick, heavy sputum, with marked relief, 
During stay in our Sanatorium, presented a picture of low-grade pulmonary 
tuberculosis, with symptoms of bronchitis and occasional attacks of asthma. 
She had been stationary during the years without marked improvement. 
X-rays, August 17, 1927 (figure 1): Left lung: Dense haziness extending in 
pear-shaped form, from hilar region, at level of 7th posterior rib, to apex. 
Marked flocculency in the remaining lung field. Diaphragm smooth and 
costophrenic angle clear. Right lung: Marked mottling throughout entire 
lung field. Hilum shadows markedly dense and extensive. Trachea pushed 
slightly to right. Heart enlarged in transverse diameter. November 28, 1927 
(figure 2): Already shows fibrous strand extending from hilum to level of 
second rib on left side. May 20, 1928 (figure 3): Shows these fibrous strands 
increasing in density, and extending more and more upward and toward periph- 
ery. October 18, 1928 (figure 4): Shows an accentuation of strand. Septem- 
ber 15, 1929 (figure 5): Strands moving toward periphery and upward. Now 
we see for first time an area of bronchopneumonic infiltration, and pneumotho- 
rax was at this time considered. At this time patient’s temperature began to 
soar, and she stated she was bringing up less sputum than before. Physical 
findings revealed decreased resonance throughout left lung, with absence of 
breath-sounds in upper lobe. Remainder of lung showed diminution of breath- 
sounds. X-ray (bedside plate), October 30, 1929 (figure 6): Shows opacity of 
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lower lung field. Line indicating fibrous strands has reached anterior axillary 
line and diaphragm has moved up. Tentative diagnosis of “sputum reten- 
tion” made. Patient’s right chest firmly strapped, and she instructed to lie 
on that side. This done in hope of increasing expectoration. A few days 
later, with temperature up to 103°, apex-beat found at left anterior axillary 
line, drawn up to the 4th intercostal space. Her X-ray plate revealed: X-ray, 
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November 8, 1929 (figure 7): Further accentuation of picture. Shadow of 
heart merging with opacity of lung field. Right border of heart could not be 
made out. 

A diagnosis of massive collapse was made. Bronchoscopy with suction or 
pneumothorax was thought of, but due to the patient’s weakened condition 
and lowered resistance we decided to leave her alone. Stimulants, inhalants, 
turning patient from side to side were tried in hopes of increasing her expectora- 
tion. Her condition remained stationary, but numerous coarse and bubbling 
rales were heard over her lower lung field, which pointed to a beginning necrosis 
or liquefaction. X-ray, November 15, 1929 (figure 8): Revealed increased 
density at base, but no definite details could be made out. For this reason 
and to relieve the cardiac embarrassment, compression, with the idea that 
possibly the blood-supply may have been interfered with through the massive 
collapse caused by the band of adhesions, was instituted on November 18, 
1929. With a good primary reading of minus 8, minus 4, 200 cc. of air were 
introduced into the left pleural cavity. 

X-ray, November 29, 1929 (figure 9): Reveals artificial pneumothorax. 
Replacement of the heart, though still slightly pulled to right. X-ray, Janu- 
ary 9, 1930 (figure 10): Good compression. Heart in normal position. Tem- 
perature chart (figure 11): Gradual climbing of temperature, which is consistent 
with a gradual development of a complete sputum retention, and the strangu- 
lation of a bronchus. Maximum of temperature was reached on November 17, 
with an amplitude of more than 4 degrees, between morning and evening. On 
November 18, pneumothorax was started. After the third inflation, tempera- 
ture was never above 100°; after the sixth, it was normal and has been normal 


since. 


Pneumothorax is not ordinarily associated with massive atelectasis. 
The two conditions would, on first thought, seem to be incompatible 
since, if the lung is atelectatic and devoid of air, its rupture could not 
conceivably cause a spontaneous pneumothorax. Sante, however, has 
placed on record a case in which one condition appears to have given rise 
to the other. He reports a case of pneumothorax following massive 
atelectasis of the left lung. The roentgenogram in this instance dis- 
closed a small rounded segment of the upper lobe that remained uncol- 
lapsed and he believes that the strain, under which its efforts to expand 
and compensate for loss in volume placed it, caused this segment to burst 
giving rise to pneumothorax. We are also reporting a similar case. 


F. T.: White, female, age 20, single. Entered Sanatorium July 11, 1930. 
History dated hack to November, 1929, when she had haemoptysis of 2 ounces, 
following which she was placed on a regimen of restricted exercise under the 
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care of her family physician. In June, 1930, a similar show of blood led to an 
examination of the chest and a diagnosis of pulmonary tuberculosis. On ad- 
mission to the Sanatorium, examination revealed a fairly well-developed and 
nourished patient, suffering from a moderately advanced pulmonary tubercu- 
losis, largely confined to the right upper third. Radiogram, July 19 (figure 12) 
revealed: Left side: Hilum slightly increased in intensity. Apex clear. Right 
side: A group of faint tubercles in the apical field. Below clavicle, nearer to 
periphery, area of increased mottling in which small cavity can be made out. 
Increased peribronchial markings in lower lung field. Obliteration of cardio- 
phrenic angle. Heart small, elongated. Impression: Induration field after 
an infraclavicular infiltration on the right side. Pneumothorax to be con- 
sidered. 

In view of the general improvement in the subsequent period of bed-rest, 
pneumothorax was not instituted. 

On August 17, 1930, following haemoptysis of 4 ounces, pneumothorax was 
begun, and 225 cc. of air was introduced into the right pleural cavity. The 
maximum temperature on that day was 99° at 8 p.m. The following morning 
the first refill was given of 300 cc. of air without the occurrence of any accident. 
In the latter part of the day, the patient began to complain of severe pain at 
the right base and around the precordium, and the temperature rose to 101°. 
No unusual findings were present in the chest and the temperature was un- 
accounted for. The early morning temperature on the 19th was 101°, and 
steadily climbed to 104°, accompanied by dyspnoea, slight cyanosis, severe pain 
at the right base and in the precordium. Pulse ranged 150-160. Examina- 
tion revealed diminished breathing throughout the entire right side. Exag- 
gerated breathing throughout the left side. The heart appeared to be dis- 
placed to the left. 

X-ray (bedside plate), August 19, 1930 (figure 13): Uniform collapse of 
right lung to extent of 75 per cent compression. Heart appeared to be in 
normal position. It is very easy to deduce from this plate that the collapse 
was too much to expect from the two instillations of air. Thus we felt we were 
dealing with a definite case of spontaneous pneumothorax. As we avoid all 
interference with the pleura in this type of case, no determination of the pleural 
pressure was taken. On the following morning we found no decrease in the 
symptoms, in spite of the fact that the heart had returned to its normal posi- 
tion. We decided to leave the patient alone, treat her symptomatically, and 
await further developments. 

X-ray (bedside plate), August 22, 1930 (figure 14): Same type of compres- 
sion as seen in previous plate; heart in same position. In lieu of the signs and 
symptoms which this patient was showing, it was now argued that, had it not 
been for the pneumothorax compression, would the heart not have been drawn 
over to theright? The diaphragm appeared to be drawn up slightly, and the 
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same reasoning was thought of. Feeling that we were not dealing with a case 
of spontaneous pneumothorax per se, a needle connected with the manometer 
was introduced into the pleural cavity and the pressure determined, as minus 
10,minus6. This, with our findings above mentioned, prompted the diagnosis 


of acute pulmonary atelectasis, caused by a plugging of one of the bronchi, 
or bronchioles, by a blood-clot. 

In view of Packard’s success in the use of artificial pneumothorax in the 
treatment of massive collapse, and our gratifying results in the case reported 
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above, it was decided to continue the refills with a view toward restoring the 
mediastinal balance, and compressing any areas in the collapsed lung which 
might tend to go on to liquefaction, necrosis, or abscess-formation. Thus 150 
cc. of air were given, and on alternate days similar amounts. After the third 
refill the temperature and pulse began to decline and the patient improved 
generally. X-ray, August 25, 1930 (figure 15): Heart now in more normal 
position. Diaphragm about one intercostal space higher on right side than 
on left. By August 28, the maximum temperature was 100°, and by Septem- 
ber 7 it had become normal, to remain so. The subsequent course has been 
uneventful, temperature has been normal, cough and expectoration have been 
reduced to a minimum, and the patient has gained 30 lbs. in weight. Patient 
was discharged from the Sanatorium in July, 1931, is now on a two weeks’ 
schedule, and was instructed to continue her pneumothorax treatment on the 
outside. 


CONCLUSIONS 


1. A boiling down of the various definitions presented in the literature 
yields the following conception, which may be considered applicable to 
all types of massive atelectasis: An acute or subacute febrile complica- 
tion, produced by the obstruction of a bronchus, and followed by a more 
or less complete absorption of vesicular air in the corresponding portion 


of the lung, thus giving to the organ a structure resembling foetal lung. 
It is characterized by the clinical symptoms of unilateral pulmonary 
consolidation, with displacement of the mediastinum and its contents 
toward the affected side. 

2. Massive atelectasis has been known as far back as 1844, when it was 
first reported by Legendre and Bailey. 

3. Aetiological causes may be (1) intrabronchial, (2) extrabronchial 
and (3) idiopathic. 

4, Two cases are reported here: (1) extrabronchial, caused by a fibrous 
strand and (2) intrabronchial plugging by a blood-clot or cast. 

5. Massive atelectasis, when occurring as a complication of pulmonary 
tuberculosis, can be easily recognized, if the likelihood of its being present 
is realized. 

6. Main conditions from which it must be differentiated are (1) 
pneumonia, (2) spontaneous collapse, and (3) pleurisy with effusion, 
as well as acute dilatation of the heart, infarction, diaphragmatic hernia, 
pulmonary embolus and thrombosis. 

7. From the standpoint of symptomatology, massive atelectasis and 
spontaneous pneumothorax are greatly similar, but can be easily differ- 
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entiated by physical findings and radiographic studies. But a case, such 
as reported here, complicated by artificial pneumothorax, especially in 
the early stages of the atelectasis, may be confusing. The radiograms in 
both show an extensive pneumothorax and, before the absorption of air 
from the alveoli is complete, resulting in displacement of the mediastinum 
toward the affected side, differential diagnosis is not possible without an 
accurate determination of the intrapleural pressure. 

8. Artificial pneumothorax has proved to be one of the main treat- 


ments of choice. 
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PATHOLOGICAL PECULIARITIES OF TUBERCULOSIS IN 
THE AMERICAN NEGRO! 


MAX PINNER AND JOSEPH A. KASPER 


Tuberculosis in the American Negro has long been recognized as a 
particularly urgent problem, not only on account of its frequency, but 
because the tuberculosis mortality rate in the Negro has, at least in some 
parts of the country, increased considerably, while the tuberculosis mortal- 
ity rate for the white race has been declining continuously for the last 25 
or 30 years. The statistical aspects of the problem are well enough cov- 
ered in various publications and need no further elaboration; but to 
emphasize the significance of this problem, it may be mentioned that in 
Detroit the tuberculosis mortality of the Negro rose from 303 in 1920 to 
447 in 1928, while the respective figures for whites are 93.3 and 68:2. It 
is all the more surprising to find but few medical studies concerning 
tuberculosis in the American Negro in the literature. 

It is a well-established fact that the Negro in Africa is practically free 
from tuberculosis, and that both disease and infection become more fre- 
quent when his contact with the white civilization increases. Calmette 
(9) has published a comprehensive study of the frequency of tuberculous 
infections in the French colonies based on tuberculin tests. Coincident 
with a low percentage of tuberculin reactions, emphasis in most reports is 
placed on the relative frequency of acute forms of disease. In this respect 
the studies in Africa reiterate essentially the same observations made pre- 
viously in other tuberculosis-free communities, such as by Westenhoeffer 
(34) on Indians in Chile in 1908 and 1909, by Deycke (11) in Asia Minor 
in 1914, by Broquet and Morenas (8) in Senegal (1920), by Heinemann 
(17) in Java (1926), by Bouffard (5) in the Ivory Coast (1930), and many 
others. Léhlein (20) reported in detail the autopsies on 10 natives of 
Cameroon; all showed massive caseation of hilar or mesenteric lymph 
nodes, and Léhlein remarked on the almost complete absence of old en- 
capsulated foci. In 1913 Mouchet (24) reported his autopsy observa- 


1 From the Laboratories of the Desert Sanatorium and Institute for Research, Tucson, 
Arizona; the Institute of Pathology, Cook County Hospital, Chicago, Illinois; and the Tuber- 
culosis Division of the Board of Health, Detroit, Michigan. 


463 


iv 
4 


464 MAX PINNER AND JOSEPH A. KASPER > 


. tions from the Belgian Congo. About one-half of his 31 cases of tuber- 


culosis showed pulmonary lesions not unlike those seen in whites, but 
there were less apical involvement, more disseminated foci, and smaller 
cavities. In about 50 per cent of the cases gelatinous infiltrations were 
present, while 12 cases had miliary tuberculosis. Mouchet emphasized 
the frequency of enormous involvement of cervical lymph nodes. Obser- 
vations on native communities all over the globe confirm largely Deycke’s 
generalization (1914): that the less a community is in contact with tuber- 
culosis, the graver are the forms of tuberculosis in the diseased members of 
the community, and the more is the prevailing disease similar to that 
ordinarily observed in young children. 

The interest in tuberculosis in the Negro received a new impetus during 
the World War when large numbers of colored troops were imported into 
Europe. The frequency and malignancy of tuberculosis in these auxil- 
iary troups are attested by numerous authorities. The clinical manifes- 
tations of tuberculosis in these men were so different from the forms 
usually seen in Europe that they were carefully described under the 
title of Adénopathie trachéobronchique tuberculeuse 4 marche rapide (Dumas 
(14)). This author found that the major lesions were in the intrathoracic 
lymphatic system with involvement of the pleura and pericardium. 
Only small foci were found in the pulmonary parenchyma, and ulcero- 
caseous forms were absent. The longest duration of the clinical symp- 
toms was three months. Moreau (23), on roentgenological evidence, 
drew attention to the frequency of massive lymphatic involvement in the 
mediastinum and of interlobar pleurisies; he saw, too, many massive 
parenchymal infiltrations with excavations. Borrel (4) found at autopsy 
caseation of mediastinal lymph nodes in 90 per cent of his 500 cases, from 
which caseous pneumonias had developed in 30 per cent. In 25 per cent 
generalized miliary tuberculosis was seen. Tuberculosis typique de forme 
Européenne was found in only 5 per cent of his cases. Roubier (29) 
made essentially similar observations; he pointed out the frequency (60 
per cent) of involvement of the supraclavicular lymph nodes, of miliary 
tuberculosis (57 per cent), and the almost complete absence of fibrosis 
and encapsulation. Closely similar findings were reported by Luquet 
(21) and by Gruber (16). The latter writer, who performed autopsies 
on 28 Senagalese in German prison-camps, was particularly impressed by 
the absence of old or recent apical involvement, and the frequency of mas- 
sive lymphatic disease and of scattered nodular foci in liver, spleen and 
kidneys. He found frequently massive pleural and peritoneal exudates. 
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In most of his cases he noticed an asthenic thorax, freedom of anthracosis 
and wide-open lymphatics. 

In comparison to the work on the African Negro, both in his native 
surroundings and in Europe (only a part of this work has been mentioned 
here) the paucity of definite clinical and pathological data on tuberculosis 
in the American Negro is striking. McCarthy (22), ina statistical study, 
mentions briefly that Negroes in Panama show a marked lack of fibrosis 
and healed foci. Rogers (28) compared 75 autopsies of Negroes with an 
equal number of those of whites. In this material, collected in Cincin- 
nati, he found that the average age at death was 35 for the Negro and 
44 for the whites; 36 per cent of the former and 21 per cent of the latter 
had a positive Wassermann reaction. The average duration of the dis- 
ease was one year and one month (Negro), and one year and six months 
(whites). The Negroes showed a slightly smaller number of cavities 
and a slightly greater frequency of caseous pneumonia. Lymph-node 
involvement was found in 67 Negroes as compared with 47 whites. Rog- 
ers concluded that there was no essential difference between the two races 
in type or extent of the lesions. Opie (25) determined the frequency of 
calcified lesions in the lungs of 25 adult Negroes as compared with the 
lungs of 115 adult whites. In 92 per cent of the former and in 98.3 per 
cent of the latter such calcified lesions were found. Comparing the lungs 
of 17 colored patients with 73 white patients, the frequency of latent 
apical lesions was 5.8 per cent and 21.6 per cent, respectively. As will 
be discussed more fully later, Opie concluded that the figures mentioned 
indicate that Negroes acquire an infection less frequently in early life. 
He mentions further that miliary tuberculosis and lymph-node involve- 
ment occur more frequently in colored than in white adults. In later 
studies Opie reported 9 autopsies of Jamaican Negroes: he found that 
tuberculosis in these adults behaved similarly to the tuberculosis found 
in white children; in other words, that it had the well-known characteris- 
tics of a primary progressive infection. He found further that the dura- 
tion of the disease in Jamaican Negroes (ages 20 to 30) was nine months, 
while a similar group of white patients in Philadelphia had an average 
duration of two years and four months. Carter (10), with an extensive 
clinical experience among Negroes, stated that Negroes under comparable 
conditions respond less to treatment than whites, and that on the average 
the colored race shows clinical evidence of disease at an earlier age than 
the white race. In all these respects the light mulatto seems to be in an 
intermediary position between the pure black and the white. The 
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Negro’s failure to respond to treatment was recently again reported by 
Brock and Black (7). Grandy (15) believes from clinical observation 
that the American Negro has, as a racial characteristic, a low resistance 
to tuberculosis. 

In our autopsy work we were impressed by apparently significant differ- 
ences between colored and white patients, dead of tuberculosis. It 
seemed of interest to attempt to replace our impressions by carefully 
collected data. This desire was further stimulated by the fact that the 
literature reveals many hypotheses in ‘regard to racial susceptibility 
which seemed to rest on insecure and slender evidence. It was further 
felt that whatever knowledge may be gained from studying tuberculosis 
in the Negro might contribute to our knowledge of the biology of the dis- 
ease. The importance of the “terrain” for the manifestations of tubercu- 
losis is well recognized in experimental work. Here, it seemed, was 
offered an opportunity to make studies on the significance of “terrain” 
in human beings. Obviously, it would be of great practical consequence 
to know whether the observed differences are due to true racial (geno- 
typic) differences, or to differences in environmental conditions, compris- 
ing under the latter both general living conditions and factors of acquired 
specific reactability to the infection. 

Since, by the nature of our work, our studies had to be limited essen- 
tially to such findings as can be observed in postmortem examinations, 
the question arose as to what data, bearing on our problem, could be col- 
lected after the disease has run its course to a fatal termination. Both 
clinical and experimental studies have shown beyond doubt that one most 
significant factor in the development of tuberculosis is the propagation of 
lesions within the body. As long as a lesion remains localized, even if it 
be far from anatomical or bacteriological healing, life may be little in 
danger, and even symptomatology and functional impairment may re- 
main below the level of clinical significance. It is another well-known 
fact that one of the most important manifestations of allergy (caused by a 
previous infection) is the diminution of spread of reinfecting bacilli in a 
sensitized organism as compared with a nonallergic one. This is prob- 
ably the only definitely established fact about immunity in tubercu- 
losis. 

Bacterial propagation in the body, causing or not causing anatomically 
demonstrable lesions, may proceed in various ways. Lymphatic spread 
occurs with great regularity following a first infection and leads, in first 
infections, always to a diffuse caseation of the next draining lymph nodes. 
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In the majority of white adults, this lymphatic spread is entirely absent 
or insignificant. 

Bacterial propagation may occur through the blood-stream. Concern- 
ing this mechanism, two misconceptions are still widely held: first, that 
haematogenous spread occurs only when a tuberculous focus breaks into 
a blood-vessel; and, second, that haemotogenous spread always produces 
widely scattered metastases and most frequently miliary tuberculosis. 
As to the first point: haematogenous propagation can and does occur 
very frequently without any break of a focus into the vascular bed. 
Very often (if not regularly) bacilli reach the blood-stream by the way of 
the lymphatics. Ghon has shown convincingly that this process of 
“lymphoglandular endogenous reinfection” is often responsible for post- 
primary infections. As to the second point, both pathological and bac- 
teriological observations have made it certain that not every bacteraemia, 
by far, causes lesions. The different organs can (with or without specific 
immunity factors?) dispose of bacilli without tissue damage. The 
absence of haematogenous metastases at autopsy does not necessarily 
indicate that blood-stream invasion during life had not occurred, but it 
might denote the degree of resistance to such spread, resistance being used 
here without reference to its specific or nonspecific nature. If every 
haematogenous seeding would cause metastases, their presence would 
indicate but a bacteraemia and would be meaningless in respect to the 
question of resistance. 

The third possible mode of bacterial propagation is by direct extension. 
It is probably correct to assume that this is governed by conditions of 
local tissue resistance and by such tissue reactions as lead to fibrosis, 
cellular infiltration or necrosis. 

The fourth and last mode of propagation proceeds within preformed 
channels, such as bronchi, larynx, intestinal and urogenital tracts; Ranke 
has aptly termed this mode of spread intracanalicular spread. Itisa very 
significant fact in phthisiogenesis that intracanalicular spread progresses 
frequently in the absence of lymphatic and haematogenous spread. In- 
deed, the usual “isolated phthisis” of the white adult is the result of pro- 
gressive local and intracanalicular spread in the absence of lymphatic and 
haematogenous propagation. Comparing this condition with experi- 
mental infections in highly susceptible animals and with spontaneous 
infection in young children, one may say that the mode of propagation 
determines the type of disease and indicates with a certain degree of 
accuracy the level of resistance to tuberculosis. : 
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Starting with such considerations, it was decided to pay particular at- 
tention to the type and extent of metastases in our material, as probably 
indicating with fair reliability the degree of resistance during life. It 
may be objected that it is not possible to differentiate exactly between 
lesions due to haematogenous, intracanalicular and lymphatic spread. 
Although it is true that no unfailing criteria for such differentiation are 
available, proper judgment of the entire evidence will leave only an insig- 
nificant percentage of foci for which a decision remains uncertain. 

In addition to the data on propagation, careful records were kept, of 
course, on the pathologicoanatomical character of the lesions, especially 
bearing in mind that fibrosis indicates defense reaction and chronicity. 
But these pathologicoanatomical characters were not charted for the 
final statistical presentation, because they are not definite enough for 
numerical expression and more subject to arbitrary interpretation than 
the simple question: ‘lesion or no lesion?” 

A few definite data were collected from the clinical records; namely, 
age, duration of symptoms, and duration of hospital or sanatorium care. 


THE MATERIAL 


Our material is derived from three sources. The first observations 
were made at the Wm. H. Maybury Sanatorium in Northville, Michigan, 
and at the Herman Kiefer Hospital in Detroit. Here, 100 autopsies of 
white and 57 autopsies on Negroes were studied. These autopsies were 
performed in a uniform manner by one or both authors; the entire mate- 
rial was seen by one of us (P). 

The second part of the material was collected, by the kind permission 
of Dr. R. H. Jaffé, from the autopsy records of the Institute of Pathology 
of the Cook County Hospital in Chicago. These autopsies were per- 
formed by Dr. Jaffé and his staff. From a total of 2,885 autopsies, done 
at that institution during the period between October, 1928, and July, 
1931, 365 revealed tuberculosis as the main pathologicoanatomical find- 
ing. Of these, 246 were in colored and 119 in white patients. While, of 
the total of 2,885 autopsies, about 43 per cent were of colored individuals, 
the percentage of colored individuals dead of tuberculosis was 67.4 per 
cent. In addition to these cases, postprimary tuberculosis was an inci- 
dental finding in 65 white and in 32 colored patients. The total fre- 
quency of tuberculosis, omitting mere primary lesions, was 11.2 per cent 
in whites and 22.4 per cent in Negroes. 

This study, then, is based on 303 autopsies of colored and 219 autopsies 
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of white patients dead of tuberculosis. Our material includes 11 Mexi- 
cans. Since in our observations their type of reactions is essentially 
similar to that of the Negro, these 11 patients are included in our Negro 
group. 

The age-distribution in a consecutive series of 2,620 autopsies per- 
formed in the Cook County Hospital is available. In table 1 this age-dis- 
tribution is compared with the age-distribution of our 522 tuberculosis 
patients separated according to race. 

In table 2 the age-distribution of our cases is compared with the age- 
distribution of deaths from tuberculosis in New York City in 1930. It is 
apparent that our Negro material deviates very much in age-distribution 


TABLE 1 


Age-distribution of 522 patients dead from tuberculosis, compared with the age-distribution of 
2,620 consecutive autopsies at the Cook County Hospital in Chicago 


NEGROES WHITES 2,620 CONSECU- 
AGE-GROUPS 
Number dead of | Percentage dead | Number dead of | Percentage dead ne puacinenaes 
of tuberculosis 


tuberculosis of tuberculosis tuberculosis 


32.0 16 7.3 22.5 

11-20 47 15.6 32 14.6 4.8 
21-30 72 23.7 39 17.8 9.6 
31-40 43 14.3 52 23.7 14.0 
41-50 26 8.5 39 17.8 18.6 
5.9 41 18.8 30.5 


100.0 


219 


from that of the larger numbers in New York, while the figures for whites 
are quite similar in both series. For this reason, and because the age-dis- 
tribution in Negroes and whites is so different, all our further data will be 
presented by age-groups. 

Since a survey of our material showed a very striking prevalence of 
generalized miliary tuberculosis in Negroes, it was deemed necessary to 
exclude these cases from further studies, since it might, with some sem- 
blance of justification, be argued that miliary spread indicates but a 
mechanical accident and is no argument for or against the defensive 
powers of the body. We do not believe that such argument is totally 
justified, since miliary tuberculosis is quite frequently not the result of a 
rupture of a tuberculous focus into the blood-stream. It was shown 
particularly by Huebschmann, that the classical Weigert’s: endovasal 
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tubercle is frequently absent and that endovasal tubercles are often not 
the cause, but the result of a miliary seeding. Our own material indicates 
that a rapid and diffuse caseation of lymph nodes is often the feeding focus 


TABLE 2 


Age-distribution, in percentages, of 522 patients dead from tuberculosis, compared with the age 
distribution of tuberculosis deaths in New York City in 1930,* by races 


OUR MATERIAL OF 522 TUBERCULOSIS 5,089 TUBERCULOSIS DEATHS IN 
DEATHS NEW YORK CITY IN 1930 
AGE-GROUPS 


Negroes Whites Negroes Whites 


years 
Under 1 4.9 1.8 

1-9 25.4 5.6 
10-19 12:5 10.0 
20-29 26.1 19.6 
30-39 15.2 21.0 
40-49 9.3 19.6 


50 and over 6.6 22.4 


* The New York figures were given us by Mr. G. J. Drolet, to whom we wish to express 
our gratitude for his kind assistance. 


TABLE 3 
Frequency of miliary tuberculosis in Negroes and whites according to age-groups 


NEGROES WHITES 


AGE-GROUPS Miliary tuberculosis Miliary tuberculosis 
Total number Total number 
Number Per cent Number Per cent 


15 13 86.7 
82 55 67.1 
47 10 21.2 
72 18 25.0 
43 9 20.9 
26 4 15.3 
18 4 22.2 


303 113 37.3 219 34 


for miliary tuberculosis. If this observation be accepted as correct, the 
occurrence of miliary tuberculosis may in itself be indicative of a low level 
of resistance. 

By presenting separately, miliary and nonmiliary tuberculosis, it is 
shown on one hand that miliary tuberculosis is more frequent in Negroes 


i 

i 

1.7 

i 7.0 3.7 

i 12.3 7.9 

| 31.4 22.7 

i 25.6 19.4 

if 14.1 19.1 

i 7.6 25.5 

if 

1 0-9 4 0 0 

| 1-10 12 6 50.0 

4 11-20 32 3 9.4 

{ 21-30 39 7 17.9 

| 31-40 52 6 11.5 
iF 41-50 39 4 10.2 

ii 51- 41 8 19.4 

Total... — 15.5 
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than in whites (leaving the interpretation of this fact to the reader), 
and all nonmiliary cases will be analyzed further in respect to the question 
of spread. The frequency of miliary tuberculosis in the Negro (table 3) 
is largely due to the difference in age-distribution in the two races; but it 
should be pointed out that it was at least 30 per cent more frequent in the 
Negro in every single decade of life, with the exception of the ages above 
50, in which the difference is probably insignificant in our material. 

Subtracting all cases of miliary tuberculosis, our further report is con- 
cerned with 190 Negroes and 185 whites. 

The frequency of haematogenous metastases is presented in table 4. 
Foci which were evident only on histological examination and not in the 


TABLE 4 


The frequency of grossly visible haematogenous metastases in Negroes and whites according to 
age-groups (exclusive of miliary tuberculosis) 


NEGROES WHITES 


AGE-GROUPS Haematogenous metastases Haematogenous metastases 


Total number 


Total number 


Number 


Per cent 


Number 


Per cent 


100.0 100.0 

1-10 27 25 92.5 6 6 100.0 
11-20 37 33 89.2 29 12 41.2 
21-30 54 42 77.8 32 6 18.7 
31-40 34 25 73.$ 46 20 43.4 
41-50 22 22 100.0 35 14 40.0 


78.6 36.5 


84.2 40.0 


190 


gross are not counted, since this would be justified only if all organs of all 
patients had been submitted to careful histological study. This was not 
the case; especially not’ in the material from Cook County Hospital. 
According to table 4, haematogenous propagation occurs about twice as 
often in Negroes as in whites; only during the first decade of life is this 
occurrence of equal frequency in whites and in Negroes; the higher per- 
centage in the latter is evidently not due to the difference in age- 
distribution. 

Lymphogenous metastases were considered in the same manner as 
the haematogenous propagations; that is, only grossly recognizable foci 
were counted. From the point of view of resistance, particular interest 
attaches to the question of lymphatic spread because of its regular occur- 


years 
51- 14 11 
Total | 160 
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rence immediately following first focalization. It indicates, presumably, 
that state of resistance which is characteristic of ‘‘virgin soil.” All calci- 
fied foci in lymph nodes were not counted for this comparison, since they 
may be part of the primary complex, and, since in table 5, the frequency 
of lymphatic spread is to be presented and not the frequency of lymphatic 
involvement, only such lymph-node foci were considered which drained 
tuberculous lesions, and which were not apparently due to a haematoge- 
nous propagation. Practically all of these lesions showed more or less 
diffuse caseation and not discrete tubercles. The striking difference 
shown in table 5 seems to be of outstanding importance. While whites 


TABLE 5 


The frequency of grossly visible lymphogenous metastases in Negroes and whites, according to 
age-groups (exclusive of miliary tuberculosis) 


NEGROES WHITES 


AGE-GROUPS Lymphogenous metastases Lymphogenous metastases 
Total number Total number 
Number Per cent Number Per cent 


50.0 100.0 
100.0 33.3 
78.3 13.8 
68.5 6.2 
58.8 10. 
45.4 
21.4 


66.8 185 20 


show a sharp drop from 100 per cent to figures below 10, the Negro has 
in all age-groups a far higher incidence of lymphatic spread than the 
whites reach in the second decade of life. In other words, as far as 
lymphatic spread is concerned, the Negro never develops as high a resist- 
ance to this process as the whites during the first or second decade. 

Riidel (27) has recently reported the frequency of metastases in 1,816 
autopsies (tuberculosis) observed during the last 20 years in Heidelberg. 
His figures show a decrease with increasing age similar to ours in whites; 
a strict comparison is impossible since the method of grouping in his re- 
port is totally different from ours. 

After the figures of tables 4 and 5 had been obtained, it seemed of inter- 
est to compare the two races in regard to the frequency with which both 
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lymphogenous and haematogenous spread occurred in the same individual. 
Table 6 shows this comparison. 


TABLE 6 


The frequency of haematogenous and lymphogenous metastases occurring in the same individual in 
Negroes and whites, according to age-groups (exclusive of miliary tuberculosis) 


NEGROES WHITES 


Haematogenous and lympho- Haematogenous and lympho- 
genous metastases genous metastases 
Total number 


Number Per cent Number Per cent 


AGE-GROUPS 
Total number 


50.0 
88.9 
72.9 
51.8 
47.1 
45.4 
14.3 


56.8 


TABLE 7 


Frequency in percentage of haematogenous or lymphogenous metastases in single organs or systems, 
according to races (exclusive of miliary tuberculosis) 


NEGROES WHITES RATIO N: W 


Lymph nodes 
intrathoracic 61.1 
39.5 
16.8 
36.3 
29.4 
23.6 
24.5 
18.4 
17.8 
Bones and joints 14.2 
Genital organs 
Adrenals 6.3 
Pericardium 6.3 


Myocardium 
i 134 


In the preceding three tables, the number of haematogenous and 
lymphogenous metastases per individual has not been considered. In 


{ 
years 
0-9 2 1 ay 4 100.0 
1-10 27 24 6 3 50.0 
11-20 37 27 29 Zz 6.9 
21-30 54 28 32 1 3.1 
31-40 34 16 46 3 6.5 
41-50 22 10 35 0 0.0 
51- 14 2 33 1 3.0 
Total..... 190 108 || | 185 14 7.6 
13.5 4.5 
7.6 5.2 
3.8 4.4 
10.8 
10.8 
13.5 
11.9 
7.0 
1.6 
3.2 
7.0 
1.i 
1.6 
0.0 
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other words, in these tables, one haematogenous metastasis counts as 
much as many metastatic foci. This presentation was chosen partly to 
make it as simple as possible, and partly because it was to be shown what 
propagating process is in play, and not how much damage it has caused. 
If the actual numbers of metastases had been the basis for the preceding 
tables, the differences presented would have been far greater. In order to 
give a rough idea of the amount of metastases, and in order to show the 
relative frequency of organic involvement, table 7 is presented. In 
table 7 is shown the frequency (in percentage) with which the various 
organs were found to be involved. Foci produced by direct extension or 
intracanalicular spread are not considered. Practically all organs are 


TABLE 8 
The frequency of ‘isolated phthisis” in Negroes and whites according to age-groups 


NEGROES WHITES 


AGE-GROUPS Isolated phthisis Isolated phthisis 
Total number Total number 
Number Per cent Number Per cent 


219 


much more frequently the seat of metastases in Negroes than in whites. 
Attention should be drawn to the fact that the lymph nodes show in this 
respect the greatest difference between the two races. 

After thus contrasting the frequency of metastases in the two races, 
another table is presented to show a comparison of the occurrence of 
“isolated phthisis.” This term denotes tuberculous disease without 
haematogenous or lymphatic spread. Table 8 demonstrates strikingly 
the significance of the previous tables. If it be permitted to discuss 
features of resistance toward tuberculosis in patients dead of the disease 
it surely must be conceded that the highest degree of resistance is present 
in those individuals in which, in spite of extensive destruction of one 
organic system, the infection could not take hold, by haematogenous or — 


years 

0-9 15 0 0 4 0 0 

1-10 82 0 0 12 0 0 
11-20 47 0 0 32 15 46.8 
21-30 72 4 5.6 39 25 64.1 
, 31-40 43 3 6.9 52 24 46.1 
41-50 26 0 0 39 20 51.3 
51- 18 2 11.1 41 20 48.7 
Total.....} 303 9 2.9 104 47.9 
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lymphatic propagation, of distant organs. This type of lesions was pres- 
ent in nearly half of all white patients and in less than 3 per cent of 
Negroes. 

On account of certain statements in the literature which will be dis- 
cussed later, it seemed of interest to study the frequency of healing or 
healed primary foci in the two races. For this purpose we have used 
only the autopsies which we have performed ourselves, since the frequency 
of demonstrated primary lesions varies widely with the autopsy technique 
used and with the amount of time and interest spent on the necessary 
search. Our search was by no means as thorough as is necessary if one 
wishes to make statistical studies on the frequency of primaries; we have 
not used X-ray examination of the excised thoracic organs, and we have 
not cut the respiratory and intestinal systems into thin slices, to search 
for small foci, especially since we have saved a fair number of organs for 
gross specimens. But we believe that our examinations were fairly 
uniform in technique and intensity. We have found calcified primary 
lesions in 25 per cent of whites and in 17.5 per cent of Negroes. Our 
material of 100 whites and 57 Negroes is undoubtedly not large enough to 
permit drawing important conclusions from this difference in incidence, 
but it should be emphasized that we did find calcified primary lesions in 
17.5 per cent of our Negro patients. All these lesions were examined 
histologically to confirm the gross diagnosis. 

In 96 whites and in 47 Negroes information on the duration of the dis- 
ease was available; the total average for Negroes was 324 days, and for 
whites 995 days. 

We calculated the ratio of duration of disease to duration of hospital 
or sanatorium treatment for our Detroit material. This ratio was ap- 
proximately 14 for the Negro and approximately 12 for the whites. 


QUALITATIVE PECULARITIES OF TUBERCULOUS FOCI IN NEGROES 


It has been shown above that blood- and lymph-borne metastases occur 
both in Negroes and in whites, but that their frequency is vastly different 
in the two races. In the same manner, all types of lesions occur in both 
races, but certain trends are more frequent in one than in the other race. 
While it is not possible to diagnose from the internal organs of a patient, 
dead of tuberculosis, that the patient was white, it is in a high percentage 
of cases possible to state that he was colored. In other words, tuberculo- 
sis exhibits in a certain percentage of Negroes the usual characteristics 
of tuberculosis in the whites, but a fair percentage of Negroes show lesions 
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which are practically diagnostic for the Negro. This racial differentia- 
tion is not definite during childhood and early adolescence. 

The most characteristic features of tuberculosis in the adult Negro 
are: 


1: Massive lymph-node caseation. 

2: Massive exudative lesions which do not respect the normal anatomical 
boundaries of organs. 

3: A type of generalized tuberculosis without the formation of miliary tubercles 
but with irregularly scattered nodular, exudative foci. 


1: Massive Caseation of Lymph Nodes 


In these cases, lymph nodes are massively swollen and often show 
complete caseation of the lymphoid tissue. The caseated part is sur- 
rounded only by the more or less thickened capsule of the node. Fre- 
quently, there is practically no granulation tissue left. The individual 
lesion presents a picture which is very similar to the lymphatic component 
of the primary complex at the height of development. In most cases it is 
evident that these nodal lesions are not part of the primary complex, 
because different groups of lymph nodes show the same changes, because a 
calcified or ossified primary complex may be demonstrable in the same 
or in another organic system, and because, at times, such lymph nodes 
are involved which, on account of their topographical relations, could not 
possibly be the seat of a primary infection. Liquefaction is a fairly com- 
mon occurrence. Often a whole group of nodes is involved; they are 
then matted together and may attain the size of anorange. These lesions 
are usually found in the drainage of a more peripheral tuberculous focus, 
indicating their lymphogenous origin. In the absence of a peripheral 
focus the involved lymph nodes do not usually show diffuse and complete 
caseation, but scattered foci of more or less caseated granulation tissue. 
Therefore it seems highly probable that diffuse and complete caseation is 
characteristic of lymphogenous metastases. Studies on primary com- 
plexes and on artificial infections tend to support this view. According 
to the literature as well as our own observations this form of lesion is 
exceedingly rare in white patients above fifteen years of age. Frank 
caseation of hilar lymph nodes in white adults, associated with pulmo- 
nary tuberculosis, is occasionlly seen; usually these nodes are only mod- 
erately enlarged, and other nodes (intraperitoneal or retroperitoneal, or 
peripheral) are very rarely caseated in the same patient. 
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2: Massive Exudative Lesions Which Do Not Respect the Normal Anatom- 
ical Boundaries of Organs 


This type of lesion is not frequently seen, but according to our material 
it occurs with much greater frequency in the Negro. We have reference 
to tuberculous foci progressing without competent capsule-formation and 
finally breaking through the normal capsule or covering of the involved 
organ. ‘Two cases were seen in our Detroit material in which hilar lymph 
nodes had ruptured both into the trachea and into the oesophagus. Rup- 
ture through the pleura, lymph-node rupture directly into the pulmonary 
parenchyma, perforation of a Pott’s abscess into the pleural cavity, are 
other representative examples. 


3: Generalized Nodular Tuberculosis 


The term “nodular” is used here not to indicate a productive focus, 
but only to describe the gross appearance of the lesion. In these cases, 
lesions, more or less spherical in shape and measuring up to about 2 cm. 
in diameter, are scattered widely through different organs. The distribu- 
tion may be similar to that in generalized miliary tuberculosis. The 
lesions are often so evenly distributed that it is impossible to speak of a 
main involvement of one organ. Characteristically, the seeding is 
densest, and the individual foci are largest, in the spleen and lymph nodes, 
and sometimes in the lung. Smaller foci are usually found in the liver, 
the kidneys, genital organs and serous membranes. Pleural involvement 
presents pictures not dissimilar to pleural metastases of a hypernephroid 
carcinoma. Liquefaction or excavation is uncommon. Histological 
examination usually reveals essentially exudative foci with thin mantles 
of round-cell and leucocytic infiltration. In some cases, however, the 
individual focus shows only necrosis and no evidence of an exudate or a 
granulation tissue which has undergone caseation. Very probably 
these lesions represent primary necrosis of tissue, that is, a caseation 
necrosis which is not preceded by the productive tissue changes usually 
caused by tubercle bacilli. This particular type of lesion is very rare in 
white adults, and it has never been seen in our series. 

It should be emphasized again, that we do not claim that any of the 
lesions mentioned above occur only in colored people. But they are 
greatly more common in the Negro than in the whites. Certain other 
types of tissue reactions, though common in both races, occur more fre- 
quently in one race than in the other. The common fibrotic pulmonary 
tuberculosis, with huge cavities and much thickened pleura, is at least 


478 MAX PINNER AND JOSEPH A. KASPER 


four times as frequent in whites asin Negroes. On the other hand, recent 
caseous pneumonias, without or with small cavities, are as common in the 
Negro as is the typical Laennec lung in the whites. Cavities, particularly 
small and medium-sized ones, without an organized wall and more or less 
filled with liquefied masses, are much more frequent in Negroes. We 
were struck with the frequency of massive circumfocal infiltrations 
around caseous pneumonic and bronchopneumonic foci in Negroes, with 
the frequency of haemorrhagic borders around exudative lesions, with the 
frequent absence of fibrous adhesions, with the high incidence of effusions 
in serous cavities. All these observations do not lend themselves to sta- 
tistical presentation. For every Negro dying of a caseous lobar pneu- 
monia, a similar white patient can be shown, and every pathologist can 
point out Negroes with the most chronic fibrotic changes. In these 
matters it is impossible to make case-by-case comparisons. It is possible, 
however, to produce a composite picture of what tuberculosis does in the 
Negro and in the whites. It would have to be said that one extreme is 
represented by the strictly localized fibrotic lesion, “isolated phthisis,”’ 
and the other by massive exudative lesions and by haematogenous and 
lymphogenous spread. The former is the characteristic disease of the 
whites, the latter that of the Negro. Lesions between these two ex- 


tremes are represented in both races. There is much overlapping in the 
central portions, but on the end of the chronic disease there is but a thin 
sprinkling of Negroes; on the other end, only a few whites are to be found. 


COMMENT 


In analyzing our material, one should not lose sight of the fact that we 
have presented autopsy observations only. Although it is undoubtedly 
possible to reconstruct important occurrences in vivo from postmortem 
appearances, the nature of our material imposes certain limitations. 
We have studied only such cases of tuberculosis as terminated fatally. 
Conclusions drawn from them can be applied to the much greater number 
of nonfatal cases only with the utmost caution and probably not without 
modifications. The differences that we have noted between the two 
races are probably more pronounced on the postmortem table than in a 
sanatorium, and probably more definite in the latter than in an ambulant 
clinic. 

The material presented in the foregoing pages is probably large enough 
from which to draw some rather definite conclusions. In summary, it 
may be said that the differences found between Negroes and whites are as 


TUBERCULOSIS IN AMERICAN NEGRO 479 


follows: The Negro shows much more frequently haematogenous and 
lymphogenous spread after a definite focus of tuberculosis is established; 
this tendency is indicated, too, by the fact that miliary tuberculosis is 
greatly more frequent in the Negro at all ages. His foci are more fre- 
quently exudative in nature, they are more frequently massive, and 
more often surrounded by collateral infiltrations or haemorrhagic zones. 
The most conspicuous of the differences is the much greater tendency to 
lymphatic involvement. The Negro exhibits at times a predominantly 
lymphatic involvement, which is an exceedingly rare occurrence in white 
adults. A generalized nodular tuberculosis occurs in some instances in 
Negroes which is hardly ever seen in whites. In addition, tuberculous 
lesions in the Negro perforate more often than in whites. 

These observations should now be analyzed in an explanatory way. 
Obviously, data available in the literature must be included, and no 
explanation will ever be satisfactory which does not take into account 
sociological and epidemiological aspects. 

We have, then, to consider 


1: Less individual resistance to tuberculosis, as evidenced by our postmortem 
findings and by the shorter duration of the disease in the Negro. 

2: The greater tuberculosis mortality of Negroes in all age-groups, and accord- 
ingly undoubtedly a greater morbidity. 


It is hardly necessary to explain that the pathological peculiarities 
described in the Negro are patent proof of a diminished resistance. We 
feel confident that our findings are representative of the Negro as a whole, 
not only because our figures seem to be sufficiently large, but also because 
our findings are in accord with those of other workers. Opie reported 
similar observations, stressing the frequency of miliary tuberculosis 
and lymph-node involvement. Furthermore, all the studies on African 
Negroes, mentioned at the beginning of this paper, including Opie’s stud- 
ies on 9 cases of Jamaican Negroes, indicate a similar trend. We are, 
however, at a loss to understand Roger’s conclusions that no “essential 
differences” exist between the two races in regard to tuberculous lesions. 
Might it be that the meaning of “essential” is not exactly the same in his 
as in our point of view? It is granted that the fundamental pattern of 
tuberculous foci is the same in either race; and in this regard “no essential 
differences” exist. The same, however, is true of tuberculosis in differ- 
ent animal species; and, still, nobody would deny that essential differences 
exist between tuberculosis in monkeys, cats, rabbits and guinea pigs. 
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It is not so much the individual lesion which represents the differences, 
but the type of distribution, the pattern of dissemination. It is this 
point that we have stressed. It is obvious from our tables that the Negro 
reacts throughout life in a fashion similar to that in which the white child 
behaves. This is mentioned here not by way of explanation but simply 
as a morphological simile. 

Bogen (3) concurs with Rogers in denying the existence of essential 
differences between the two races, and he champions the view that the 
greater mortality rate of the Negro is mainly due to the fact that he seeks 
medical care in a more advanced stage of the disease than do the whites. 
In the statistical presentation designed to support this view, however, 
mortality rates are not mentioned, but only the ratios of morbidity to 
mortality; in other words, case fatality rates, which is a totally different 
thing. Obviously case fatality rates may be high with a low mortality 
rate, such as in rabies, or it may be low with a low mortality rate, such 
as in the common cold. Anyway, case fatality rates are no measure 
of true mortality rates. His statistics, however, are probably another 
proof of the undisputed fact that at any one time a greater percentage of 
Negro patients is in the far-advanced stage than is the case with white 
patients. To explain this fact, as Bogen does, chiefly on the assump- 
tion (supported by his figures) that the Negro reaches the far-ad- 
vanced stage more often because he is tardy in applying for medical 
care, denotes a greater trust in tuberculosis therapy than we are pre- 
pared to confess. We are all the less willing to accept this explana- 
tion unqualifiedly, first because, as mentioned, in our Detroit material of 
fatal cases, the white patients did not come for medical aid appreciably 
sooner than did the Negroes, and secondly because it was shown (12) (13) 
that the percentage of far-advanced cases is approximately the same at 
any chronological period of the disease. In other words, with increasing 
duration of the disease, the incidence of far-advanced phases does not in- 
crease. Thus, it remains still to explain the high incidence of far-ad- 
vanced lesions in Negroes. Bogen’s statistical presentation is open to 
some criticism, because a relatively small number of Negroes (183) is com- 
pared with a much larger number of whites (1,268). Further, if only 
these two groups are compared, divided into moderately and far advanced, 
the death incidence for the two races shows apparently significant differ- 
ences; namely, in the moderately advanced group 24.1 per cent for whites, 
and 30 per cent for Negroes, and in the far-advanced group 50.8 per cent 
for whites and 71 per cent for Negroes. The relatively low figures for 
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fatal termination in the far-advanced group makes one wonder how long 
the observation period is, which is unfortunately not mentioned. 

In spite of the views just mentioned the lower resistance of the Negro 
is accepted by most authors. But few attempts have been made to prove 
the dictum in a satisfactory way. Most statements are based on the high 
tuberculosis mortality rate in the Negro. This appears to us to be a case 
of arriving at a correct conclusion by erroneous reasoning, decidedly poor, 
but lucky logic. Mortality rates as such cannot prove a thing about 
individual resistance. One might, otherwise, argue that the low tuber- 
culosis mortality of the African Negro in his native lands, or of the Ameri- 
can Negro before the Civil War, indicated their high individual resistance. 
Any satisfactory explanation must account decidedly for both phenom- 
ena: high mortality and low individual resistance. 

For the further discussion it is significant to recall that, contrary to 
occasional statements, the tuberculosis mortality of the Negro is higher in 
every region of the United States than that of the whites. For the years, 
1922-1927, the Negro tuberculosis mortality in 13 southern states was 
higher in every state, the Negro rates being never less than twice, and at 
times more than four times the white rates. (Smith (33).) 

The various attempts at explanation may be briefly summarized as 
follows: 


1: The Negro having been in contact with tuberculosis for a much briefer time 
than the white has not as yet had an opportunity to acquire the same measure 
of “inherited immunity.” 

2: The Negro escapes childhood infection more frequently than the whites; 
therefore an infection acquired later in life occurs in virgin (nonallergic) soil 
and produces rapidly progressive (more or less) ‘Childhood type” tuberculosis. 
3: The apparent differences are toto coelo due to environmental conditions and 
to the mental attitude of the Negro in regard to disease. 

4: There exists a true racial (genotypic) difference between the two races 
(entirely mysterious in character), which confers high resistance on one and 
low resistance on the other race. 


In the following paragraphs we propose to analyze these four theses on 
the basis of the evidence available. 

1: “Inherited immunity against tuberculosis” stands on unsafe 
grounds, since none but statistical evidence is at hand to show its possible 
existence. A true inheritance of acquired immunity has never been 
demonstrated. A process of selection, by early death, of constitutionally 
weak or nonresisting strains, may be operative. If by such a measure 
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certain population groups have acquired a higher resistance, this would 
not represent in the strict sense of the word “‘inherited immunity,” but it 
would fall, obviously, under the heading of genotypic characteristics. 
That such a mechanism of slow selection may have been operative has 
been claimed, because a rough but suggestive parallelism exists between 
race-specific death-rates and the length of time that a race has been in 
intimate contact with the Mediterranean culture. No estimate seems 
possible of how long such a selective process must go on to cause sizeable 
changes. Anderson (1), on the basis of mortality rates and age-incidence 
in the racially mixed population of Mauritius, concluded that a race unex- 
posed to tuberculosis, and which then had a continued contact with 
tuberculosis, ‘‘begins to acquire resistance within thirty years, has already 
acquired it to an appreciably extent in fifty years and in more than one 
hundred and less than two hundred years has developed resistance to the 
full degree.” (‘‘Full degree” meaning the English Standard.) It seems 
that the example of the American Negro is more than sufficient to repu- 
diate such statements, which are apparently the result of the fallacy men- 
tioned, that a conclusion concerning resistance can be drawn from mortal- 
ity rates. 

2: That the Negro in Africa, remote from contact with whites, usually 
escapes childhood infection, is a well-established fact (Calmette). That 
such Negroes imported into France for war duties fell victims in large 
numbers to a rapidly progressing tuberculosis is equally well known. 
That lack of childhood infection is the direct cause of the rapidity and 
malignancy of a later tuberculous infection is a suggestive but entirely 
unproved assumption. Wewill mention later reasons why the correctness 
of this assumption is highly questionable. 

Opie, as mentioned above, found that Negroes have less frequently the 
calcified residues of a childhood infection. On the basis of the not too 
impressive differences of 98.3 and 92 per cent he concluded that the Negro 
is less frequently infected in childhood. ‘Deficient immunization in 
early life is probably much more important than increased susceptibility 
referable to malnutrition and other conditions of living, or to natural 
racial susceptibility, but the operation of these factors cannot be excluded 
and has doubtless some part in the high mortality of the colored race in 
this country.” The comparatively smaller incidence of childhood infec- 
tion in spite of the greater case incidence is explained by the assumption 
that in the acute type of lesions fewer bacilli are scattered over a shorter 
period of time. Later, in 1930, this latter statement is modified to read 
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that in acute cases massive amounts of bacilli are spread over a compar- 
atively brief time. In the intervening years, Augustine (2a), working 
under Opie, had shown that Negro homes with open cases of tuberculosis 
contain more bacilli in the house dust than do similar homes of the whites. 
Opie and his co-workers (18), in an extensive survey of school-children in 
Philadelphia, reported a higher percentage of positive tuberculin tests in 
Negroes at all ages. A brief excerpt of their statistics shows the condition 
brought out in table 9. 

Aronson (2) found in rural districts of Tennessee that, of 864 Negro 
children, ages 5 to 19, 60.4 per cent had a positive tuberculin reaction, 
while, of 1,175 white children of the same age-groups, only 50.9 per cent 
reacted. 

The results of these large surveys indicate clearly that the theory of 
lack of early tuberculization must be abandoned. Bogen mentions that 


TABLE 9 


Frequency of positive tuberculin tests in school-children in Philadelphia, by race and age, according 
to Hetherington, et al. 


POSITIVE IN 
PERCENTAGES 


NUMBER OF WHITES 
TESTED 


POSITIVE IN 
PERCENTAGES 


NUMBER OF NEGROES 


TESTED 


years 


5-9 
10-14 
14-19 


496 
808 


187 


57.1 466 


79.9 
87.1 


904 
1,235 


555 autopsy records of the Cincinnati General Hospital showed tubercu- 
losis as an incidental finding in an almost equal number of whites and 


Negroes. In spite of this unmistakable evidence, lack of childhood infec- 
tion in the Negro is again and again used as an argument (Brock (6)). 
Brock and Black (7) studied the haematological behavior of white and 
Negro tuberculous patients. They found that in the Negro the mono- 
cytes remain continuously elevated, while the lymphocytes remain 
low. ‘The true significance of such haematological findings is (at least 
beyond the boundaries of the United States) still a most unsettled subject 
and for that reason is probably not exactly a safe basis on which to 
theorize, at least not as long as diverging findings of experts such as 
Maximow have not been explained. But, even if it be granted that 
lymphocytosis is a defense mechanism, the statement (Brock and Black), 
“That the lymphocyte acquires a qualitative change following continuous 
reinfection throughout the preadult period and thereby aids in preventing 
growth of bacilli in the body and also in causing their disintegration,” is 


51.1 

73.4 
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not supported by the slightest evidence. If the lymphocyte were des- 
tined to that defense action and trained for it, as it were, by repeated 
infections in early life, the lymphocytes of aa American Negro should 
be the champion of his genus. 

White patients acquire, at times, a late primary infection. A series of 
36 such cases has recently been reported by Ragnotti (26). While the 
development of the primary complex proceeds in exactly the same fashion 
at any age, as was already pointed out by Ranke, and fully confirmed by 
Ragnotti, this latter author found that a considerable percentage of his 
patients showed healing of the primary complex without spread beyond 
the regional lymph nodes. ‘The lack of a primary infection in childhood 
therefore can not be the sole cause of the peculiarities in Negroes. As was 
briefly mentioned above, we found primary lesions in all stages of anatom- 
ical healing in Negroes; we were particularly interested in the fact that 
in many cases the primary lesions were unusually large, completely calci- 
fied and surrounded by a capsule of true lamellated bone-tissue with 
bone-marrow. It is particularly important that such healed primaries 
were found in Negroes with multiple completely caseated lymph nodes, 
with rapidly caseating pneumonias, or massive haematogenous and 
lymphogenous spread, including cases dying from generalized miliary 
tuberculosis. Heinemann who studied tuberculosis in Java reports the 
tendency to exudative exacerbation and to lymph-node involvement in 
the thoracic and peritoneal cavity, but he emphasizes that these forms 
of tuberculosis do not necessarily indicate a “virgin soil” since he saw in 
one-third of his cases old chalky foci. 

Since in Negroes a type of tuberculosis, commonly found in white 
children, occurs with fair frequency, the conclusion was drawn that the 
adult Negro has often ‘“‘childhood type tuberculosis,” a term which the 
American Sanatorium Association decided was to replace the term “pri- 
mary infection.” ‘The morphological similarity between primary infec- 
tion in children and tuberculosis in adult Negroes was frequently accepted 
as proof that the Negro acquires his first tuberculosis infection frequently 
at adult age. This is undoubtedly an erroneous conclusion, as shown by 
tuberculin tests and by our autopsy findings. The most significant find- 
ing of our studies is the fact that the adult Negro may show the same type 
of reaction to a reinfection as white children show to a primary infection. 
In other words, the adult Negro with a healed childhood infection may, 
following a reinfection, develop lesions which are allegedly characteristic 
for so called virgin soil. 
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On account of the habitual association of immunity with allergy it is 
further argued that tuberculosis in Negroes is a process in nonallergic 
soil. It should be clear from previous statements in this paper, that (at 
autopsy) the lesions in the Negro exhibit all of the characteristics of vio- 
lent allergic response: massive pneumonic foci; large circumfocal, not 
infrequently haemorrhagic infiltrations; diffuse lymph-node caseation; 
serous exudates. The Negro responds to infection with a high degree of 
allergy, but with few of such reactions which could be called signs of true 
immunity. 

In summary: Many, but not all, native colored tribes lack childhood 
infection and have a tendency to develop rapidly progressing disease. 
The causative relation between the two phenomena is questionable. The 
American Negro, too, has a tendency, though to a lesser degree, to 
rapidly progressive disease. In his case it is quite certain that lack of 
childhood infection does not exist. All attempts to explain the Negroes’ 
lesser resistance to tuberculosis on the basis of lesser early tuberculization 
are without convincing proof and conclusions deduced from them cannot 
be accepted. 

3: It need not be elaborated that environmental conditions play an 
exceedingly important réle in the development of tuberculosis. The need 
is distinctly felt to specify more clearly just what conditions are of chief 
importance. The recent war, with its manifold privations for the Central 
European communities, has demonstrated one point with the lucidity of 
a well-planned experiment. The tuberculosis mortality rose to excessive 
heights in Germany during the latter years of the war and during the fol- 
lowing two years. Impressive changes in general environmental condi- 
tions during that time were food shortage and crowded residences. 
Very soon the tuberculosis mortality fell to and below prewar levels. 
In the meantime food shortage had ceased, but crowding was not im- 
proved, if not increased. It seems justified to conclude that starvation 
plays a vastly more important réle in promoting tuberculosis than does 
crowding. 

Proper hygienic care and early diagnosis are undisputedly important 
factors. Both are at a low level in the Negro communities. Associated 
with this is the fact that the Negro, when diagnosed, is less willing to take 
treatment properly, that he is likely to continue work (and pleasure) 
in spite of symptoms of disease. That tuberculosis is favored by malad- 
justment, social and economic, is well attested. 

The Negro, living in crowded, unsanitary conditions, -with painful 
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problems of maladjustment, with disrespect for the disease and an unwil- 
lingness to undergo treatment, is patently a favored victim of tuberculo- 
sis. Since the whole pattern of his individual and community life seems 
to favor the disease to a great extent, it was often claimed that no further 
explanation of his tuberculosis problem was needed. 

It is not sufficient for the problem at hand to point out what conditions 
in Negro communities favor the development and spread of tuberculosis; 
it is necessary to ask whether such conditions explain the dual state of 
affairs, namely, the high mortality rate and those peculiarities of the 
disease that have been pointed out. 

It seems quite probable that environmental conditions taphetin satisfac- 
torily why the Negro’s tuberculosis mortality is high, although some 
points should be mentioned which may reopen the question. The high 
mortality rate exists among Negroes not only in the slums of Northern 
cities but in the Southern States as well and it is significant that Sibley 
(32) writes, ‘“Contrary to the rather frequently heard opinion that the 
very excessive incidence of tuberculosis among Negroes is largely the 
result of the transition from country to city life, we find (in Tennessee) 
that when adjustment of death-rates is made for the different age-compo- 
sition of city and rural populations, the incidence appears actually more 
severe in the country than in the city.” 

Furthermore, it may not be out of place to mention the fact that the 
race-specific death-rates in whites in New York City show apparently no 
parallelism to living conditions, with the English having a much higher 
death-rate than the Jews in the east-side slums. 

The greater opportunity for infection, in crowded, unsanitary quarters, 
from many undiagnosed cases of open tuberculosis, is probably one of the 
most important factors causing the high tuberculosis incidence in the 
Negro. 

But what do environmental conditions contribute to the qualitative 
peculiarities in Negroes? When unfavorable living conditions in Ger- 
many sent the tuberculosis mortality soaring no reports came forth to 
tell of qualitative changes in the course and in the anatomical character 
of the disease. Economic conditions forced disregard for the disease 
upon many a patient, and inadequate hospital facilities made proper 
treatment impossible. But the character of the disease remained essen- 
tially the same. 

In our Detroit material, a considerable number of white patients sought 
medical care and hospitalization the first time within the last month of 
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their illness, yet their lesions did not show the same tendencies as those in 
Negroes. It was mentioned that the ratio of duration of disease to length 
of hospitalization, probably a fair indication of the patient’s attitude to 
the disease, does not show a striking difference between Negroes and 
whites. Such evidence makes one wonder whether environmental condi- 
tions are the only decisive factor. 

Massive infection is often accused as causing particularly malignant 
disease. What is the evidence? Santo (30) and Schmincke and Santo 
(31) studied the influence of the dosage of bacilli in corneal and sub- 
cutaneous infections of guinea pigs and rabbits. They found that the 
local lesion varies with the number of bacilli; all subsequent events, how- 
ever, and particularly the involvement of the regional lymph nodes, were 
completely independent of the amount of the infecting dose. These 
authors examined human lesions in regard to their bacillary content, using 
an apparently adequate bacteriological method to determine the relative 
number of bacilli present. It was found that the anatomical character 
of the foci (exudative or productive) had no relation whatsoever to the 
number of bacilli. This is, as far as we are aware, the only attempt to 
ascertain a relation between the type of lesions and their bacillary popula- 
tion. The evidence, then, would speak against a direct relation. 

Since massive infection must of necessity mean frequently repeated 
infection, one may inquire into the results of frequently repeated infec- 
tions. Krause and Willis (19) studied this question experimentally in the 
guinea pig. In their conclusions they say: 


Considered purely by themselves, and without regard to the many influential 
circumstances of environment and accidents of place, allergy and immunity 
respond to reinfection in two opposite ways, as factors of quantity and time 
of reinfection move toward one or the other of two ends of the scale. There is 
a dosage of reinfection and a spacing of intervals between reinfections, one 
of which is always to correlate with the other, which are favorable for the 
highest development and increase of allergy and immunity. But there is also 
a dosage and a spacing that will depress and (perhaps) destroy each. 


Since under well-controlled experimental conditions it was shown that 
reinfection, frequently repeated, may either enhance or depress immu- 
nity, it seems hardly justified to postulate that the same mechanism 
should, under the more complex conditions of human life, act always one 
way, in other words, that repeated infections should cause the more 
malignant forms of tuberculosis in the Negro. 
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In summarizing the significance of environmental conditions, it may 
be said that they go probably a long way to explain the excessive case- 
incidence and mortality of the Negro, but that it is highly doubtful 
whether they can explain the pathological differences between Negroes 
and whites. 

4: The assumption of true racial, genotypic pecularities in the Negro 
as contrasted with the whites would obviously be the easiest solution. 
Such a possibility appears inviting, since the differences observed are not 
of the order and kind which can be produced experimentally in one animal 
species by varying dosage of infecting bacilli, food or other living condi- 
tions; they are differences of the kind which exist between different animal 
species regardless of dosage of infection or environmental conditions. 
The essential tendencies in the Negro are the same, whether an infection 
occurs in virgin soil or whether it is preceded for many years by a more or 
less healed lesion. On the other hand, if such a genotypic difference 
exists, its basis, anatomical or physiological, should be demonstrable. 
Gruber pointed out possible anatomical differences, which however are 
not of necessity hereditarily fixed; he mentioned that the Senegalese 
Negroes which he studied had particularly free and wide lymphatic 
channels and asthenic thoraces. The first observation may have a very 
direct bearing on the problem, in view of the significance that Krause 
attached to the unobstructed lymph channels in children as compared to 
adults. It will be recalled that Krause sees in this difference one impor- 
tant factor in explaining the difference between tuberculosis in children 
andinadults. But a significant difference between children and Negroes 
is the fact that although children have wide-open lymphatics and al- 
though they show much lymphatic propagation, their mortality is low, 
while the Negro mortality is high. On the other hand, Gruber empha- 
sizes, too, the freedom from anthracosis. It must be considered that 
anthracosis may be an important cause of relative lymphatic obstruction 
in the civilized adult; and it is possible then that Gruber’s Negroes had 
wide-open lymph channels, not as a racial characteristic, but because 
they had no anthracosis. As far as the asthenic form of the thorax is 
concerned, it may be stated briefly, without entering into a detailed dis- 
cussion, that more recent observations make it quite improbable that this 
constitutional and possibly racial characteristic has any definite relation 
to resistance against tuberculosis. 

It has been repeatedly suggested, quite recently again by Brock and 
Black, that the skin pigmentation of the Negro may in some way play an 
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important réle. The latter authors state that ultraviolet radiation 
mobilizes lymphocytes; that the pigment may prevent, by its absorptive 
action, that allegedly beneficial result. However, it has never been 
shown whether melanin prevents, increases or transmits the various 
physiological effects of ultraviolet rays. What rdle the dense pigmenta- 
tion in the Negro skin, or in the radiated white skin, plays in the patho- 
genesis of tuberculosis remains open for further guesses until thorough 
studies have been made. 

Moon (22a) has established the fact that the spleen is considerably 
smaller in the Negro than in whites. Excluding all those conditions 
which produce a marked enlargement of the spleen, the spleen of 1,000 
Negroes and 1,000 whites were weighed. The average weight was 106 
gm. for Negroes and 145 gm. for whites; this relation holds true essen- 
tially for all age-groups, for the two sexes and for various pathological 
conditions. It is of particular interest to note, that in tuberculosis, too, 
the discrepancy of splenic weights remained almost unchanged, the aver- 
age weights being 112 gm. (for 315 Negroes) and 160 gm. (for 132 whites). 
Jaffé (personal communication) has found similar conditions. His 
“observations are based upon 500 atuopsies of individuals that died from 
diseases that do not influence the size of the spleen. The average weight 
of the spleen in the white people was 150 gm. and in the colored people 115 
gm.” It seems quite possible that this observation has a real bearing 
on our problem. 

In conclusion, it may be said that the hypothesis of genotypic differ- 
ences recommends itself strongly because of the apparent impossibility 
to explain the matter completely by any other alternative. But this 
process of exclusion does not constitute proof. It must be admitted 
that conclusive proof is lacking of the existence of such genotypic peculiar- 
ities as would explain the Negro’s “atypical” reaction to tuberculosis. 
In other words, the assumption of genotypic differences seems to be at the 
present time a logical postulate, and further studies should show whether 
it can be converted into an actual fact. In the mean time, violent attacks 
against such notions, because their acceptance might paralyze proper 
campaign measures, are as unjustified as their blind acceptance on the 
available evidence. 


SUMMARY AND CONCLUSION 


1. The postmortem findings in 303 Negroes and 219 white patients 
dead of tuberculosis are compared. 
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2. Certain significant differences between the two races are shown to 
exist: 

a. Greater frequency of miliary tuberculosis in the Negro (37.3 per 
cent) than in the whites (15.5 per cent). 

b. Greater frequency of haematogenous metastases in the Negro 
(84.2 per cent) than in the whites (40.0 per cent). 

c. Greater frequency of lymphatic metastases in the Negro (66.8 per 
cent) than in the whites (10.8 per cent.) 

d. Various qualitative differences in the pattern. of tuberculous 
lesions in the two races are enumerated. 

3. The discrepancies observed lead necessarily to the conclusion that 
infection tends to produce a high state of allergy in the Negro, but that he, 
unlike the white, does not readily acquire a state of increased resistance 
coincidently. 

4, Although all differences mentioned are not mutually exclusive for 
the two races they are deemed to be of sufficient significance to warrant 
their serious consideration in explaining the well-known discrepancies in 
the tuberculosis mortality rates and in the apparent individual resistance 
of Negroes and whites. 

5. The various factors which present themselves in attempting to 
elucidate the problem of tuberculosis in the Negro are discussed. Lack 
of childhood infection in the American Negro, often heralded as 
the cause of his inferior resistance, does not exist. The all-important 
réle that environmental conditions play in the pathogenesis of the 
disease are duly acknowledged. But environmental factors are ap- 
parently not capable of explaining satisfactorily both the high mortal- 
ity and the pecularities of individual disease. We are impressed 
by the necessity of considering the likelihood of true genotypic differ- 
ences between the two races in order to explain their different reactions to 
tuberculosis; this applies in particular to the observation summarized in 
the third paragraph of this summary. 


REFERENCES 


(1) AnpERsoN, D. D.: Tr. Roy. Soc. Trop. Med. & Hyg., 1928, xxi, 463. 

(2) Aronson, J. D.: Am. J. Hyg., 1931, xiv, 374. 

(2a) AucustTINnE, A. E.: J. Prevent. Med., 1929, iii, 121. 

(3) BocEN, E.: Tr. Nat. Tuberc. Assn., 1929, xxv, 275; Amer. Rev. Tuberc., 1931, xxiv, 522. 
(4) Borret, A.: Ann. I’Inst. Pasteur, 1920, xxxiv, 105. 

(5) Bourrarp, G.: Bull. Soc. Pathol. Exot., 1930, xxiii, 777. 

(6) Brock, B. L.: Amer. Rev. Tuberc., 1931, xxiv, 1436. 

(7) Brock, B. L., anp Brack, S.: Ibid., 1931, xxiv, 136. 


| 
i 
| 
t 
i 


TUBERCULOSIS IN AMERICAN NEGRO 


(8) BrogueEt, C., AND MorENAS, L.: Rev. d. 1. Tuberc., 1920, i, 143. 
(9) Catmette, A.: Ann. I’Inst. Pasteur, 1912, xxvi, 497. 
(10) Carter, H. G.: Amer. Rev. Tuberc., iv, 676; xiv, 653; xiii, 373. 
(11) DrycxeE, G.: Tuberculosis, 1914, xiii, 375. 
(12) Douctas, B. H., Pinner, M., AND WoLEpPoR, B.: Amer. Rev. Tuberc., 1929, xix, 153. 
(13) Douctas, B. H., AND PINNER, M.: Ibid., 1930, xxi, 305. 
(14) Dumas, A.: Lyon Méd., 1919, cxxviii, 180. 
(15) Granpy, C. R.: Amer. Rev. Tuberc., 1924, x, 275. 
(16) GruBer, G. B.: Ztschr. f. Kinderhk., 1921, xxviii, 242; Ztschr. f. Tuberk., 1919, xxxiii, 
23. 
(17) Hernemann, H.: Beitr. z. Klin. d. Tuberk., 1926, lxiv, 598. 
(18) HETHERINGTON, H. W., McPHEDRAN, F. M., Lanois, H. R. M., AND Opte, E. L.: Amer. 
Rev. Tuberc., 1929, xx, 420. 
(19) Krause, A. K., AnD Wits, H. S.: Am. Rev. Tuberc., 1926, xiv, 317. 
(20) Léuterm, M.: Arch. Schiffs & Tropenhyg., 1912, xvi, 113. 
(21) Lugquet, A.: Thése de Lyon, 1920. 
(22) McCartny, F.: Bost. Med. & Surg. J., 1912, clxvi, 207. 
(22a) Moon, V. H.: Arch. Pathol., 1928, v, 1040. 
(23) Moreau, L.: Bull. Acad. Méd., 1919, lxxxi, 224. 
(24) Moucuet, R.: Bull. Soc. Pathol. Exot., 1913, vi, 55. 
(25) Opre, E. L.: Amer. Rev. Tuberc., 1930, xxii, 603; 1930, xxii, 613; 1924, x, 265. 
(26) Racnortt, E.: Beitr. z. Klin. d. Tuberk., 1931, Ixxvi, 459. 
(27) Ripet, H.: Ibid., 1931, Ixxviii, 243. 
(28) RoceErs, J. B.: Amer. Rev. Tuberc., 1921, iv, 669. 
(29) RousteErR, C.: Gaz. Hép., 1920, xciii, 1333. 
(30) Santo, E.: Beitr. z. Klin. d. Tuberk., 1931, Ixxvi, 191. 


(31) ScHMINCKE AND SANTO: Verh. d. Deutsch. pathol. Ges., 1931, xxvi, 275. 
(32) SrBLEy, E.: Tr. Nat. Tuberc. Assn., 1930, xxvi, 261. 

(33) Sars, S. L.: Ibid., 1920, xvi, 254. 

(34) WESTENHOEFFER: Berl. klin. Wchnschr., 1911, xlviii, 1061. 


TUBERCULOSIS AMONG THE INDIANS IN MONTANA! 


W. G. RICHARDS 


The surveys which form the subject-matter of this paper were made 
upon two reservations in southeastern Montana, and are part of a com- 
plete investigation as to the prevalence of tuberculosis among the In- 
dians on all the reservations in Montana, instituted by the Indian Bureau 
in codperation with the Montana State Board of Health. Whether or 
not the Indian was a stranger to tuberculosis before the coming of the 
white man, this being, like whiskey and firearms, one of the ‘‘blessings”’ 
brought to him with civilization (though the question seems to have been 
pretty effectually disposed of by Stephen Maher (1)), the opinion is 
quite generally held by those who have had much contact with present- 
day Indians that tuberculosis is quite prevalent among them, and that, 
as the white man with his family infiltrates the reservations by leasing 
or purchasing land, it becomes a matter of increasing importance to know 
the extent of its prevalence, not only for the benefit of the Indian but for 
the protection of the white. This is the more necessary, as the recent 
policy of the Indian Department is to encourage the mixing of the two 
races as much as possible, in order to promote the breaking down of 
tribal habits and customs, and with this end in view a number of the 
Indian boarding-schools have been discontinued and the children sent to 
the district day-schools, where they mingle intimately with the whites. 

The two reservations concerned are the Crow and the Cheyenne, 
situated in adjoining districts in the southeastern corner of Montana. 
The Crow reservation comprises an area of 2,300,000 acres, with an Indian 
population of 1,967, while the other reservation consists of 442,960 acres, 
with approximately 1,500 Cheyennes. While both reservations in- 
clude a large amount of mountainous country and “marginal” land, the 
Crows are more fortunate than the Cheyennes, in that both the Big 
Horn and the Little Big Horn rivers run through their territory, making 
possible considerable irrigation and the conversion of arid into highly 
productive land; for, though the Indian cannot be said to have distin- 
guished himself as a farmer, he takes very kindly to the idea of leasing 
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his holdings to the more industrious white, and profiting by the rent 
thus secured, while the Indian funds are periodically increased through 
the sale by their heirs of lands of deceased Indians. Consequently the 
Crows are much better off than their Cheyenne neighbors, whose lands 
are mostly rugged and broken, and the differences are quite appreciable as 
one comes into contact with them, and are reflected in their health con- 
ditions. 

The difficulties in conducting a survey under these conditions and over 
such wide areas are quite considerable. The schools are scattered, and 
many of the roads, particularly after rain or snow, are at least not all 
that could be desired, though much work is at present being done to im- 
prove them. Besides the school nurses, who make periodical visits, each 
school was visited by a dentist and an eye, ear, nose and throat specialist. 
Dr. Crouch, of the Montana State Board of Health, made the intracu- 
taneous tuberculin tests, this necessitating two visits to each school, and 
a final examination was made by the writer. The positive reactors were 
all conveyed by automobile to the nearest town having an adequate X-ray 
outfit, this being Miles City for the Cheyennes and Billings for the Crows, 
a distance in some cases of over a hundred miles. Such a journey, how- 
ever, was no hardship to a migratory race, and, though some objection 
might have been made to the Mantoux needle, when it was understood 
that a positive reaction meant a long ride and free meals the unfortunates 
who proved negative considered themselves distinctly out of luck. 

Not many whites live on the Cheyenne reservation, but there is a 
considerable number on the Crow. The Burlington Railroad runs 
through this, upon which are a number of small towns, the largest being 
Hardin, the county-seat of Big Horn county, with a population of about 
2,000 and with grade- and high-schools. This is situated upon land which 
was bought from the heirs of dead Indians, and is no longer part of the 
reservation. A liberal policy extended the privileges of examination to 
the whites in these schools, and, though a surprisingly large number con- 
sented to the Mantoux test, through indifference or misunderstanding 
only a small number of the positive reactors were X-rayed, which was 
unfortunate, as it prevents the drawing of definite conclusions as to 
the prevalence of tuberculous disease among them. 

The ages of the children examined ran from five to nineteen years, 
and the results of the examinations are summarized in table 1. The 
classification used is practically that of McPhedran, as adopted by the 
National Tuberculosis Association in their brochure on Childhood Type 
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of Tuberculosis. For the sake of simplicity, however, and because 
these types, particularly types B and C, cannot always be differentiated 
on a single examination, B, C, and D are all included under the heading 
“pulmonary infiltration.” The heading “pleurisies” is added to include 
the evidences of past pleuritic inflammations, such as interlobar thicken- 
ings and irregularities of the diaphragm. 

The heading “apical” is used in preference to “adult” in view of the 
present controversy as to the significance of apical and subapical infiltra- 
tions. If it is true that in adult reinfections subapical precede apical 
infiltrations, reinfections in children should follow the same course, and 
a subapical infection would not necessarily be a first or “childhood” and 
an apical a secondary or “‘adult” infection. Most of these children must 


TABLE 1 


PULMONARY 
INFILTRATION 


RESERVATION 


NUMBER TESTED 
NUMBER POSITIVE 
PER CENT POSITIVE 
TRACHEOBRON- 

CHIAL 
Manifest 

| Manifest 

| PLEURISIES 

| DOUBTFUL 

| NEGATIVE 


Cheyenne 


n 
dS 


335 | 223 94 
447 98 22 
(only 71 X-rayed) 47 


have received their first infection in infancy and have recovered. They 
are continually, however, being exposed to reinfections from their associ- 
ates, and the lesions of later childhood are secondary infections, either 
endogenous or exogenous, and, whether apical or not, of the “adult” 
type. 

The interpretation of hilar shadows presented the same difficulties 
that have been commented on elsewhere. As Barnard, ef al., (2) say: 
“One of the most severe demands on one’s judgment is the differentiation 
of shadows of blood-vessels from those of actual tuberculous nodules.” 
Obviously there will be marked differences of opinion as to the correct 
interpretation in many cases, as was well shown by Hawes and Friedman 
(3), who failed to receive a unanimous opinion on a single film of a 
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number submitted to six different observers. Bitter and Myers (4) re- 
port evidence of calcification of tracheobronchial lymph nodes in 60 per 
cent of 1,772 children examined at Lymanhurst, but question whether 
the diagnosis was always correct. Among the Indians we found 130, or 
28 percent. In doubtful cases we considered a strongly positive Mantoux 
reaction to be entitled to some weight in the interpretation. As to the 
significance of these, the only safe course is that of Chadwick (5), to 
consider them all as evidence of tuberculous disease, in process of healing 
but not healed; in other words, as either actually or potentially“active”’ 
lesions, and requiring supervision. 

In the case of peripheral nodules, the primary focus or the “focal tuber- 
culosis” of the classification, we did not find quite the same difficulty. 
Most of them stood out prominently. Our percentage of these was 15. 

Of clinically important lesions we found 70 cases, 31 latent and 39 mani- 
fest, 47 among the Cheyennes and 23 among the Crows, a percentage of 
20 for the Cheyennes and 10 for the Crows. This reflects what we have 
previously alluded to,—the better economic conditions of the Crows. 
In one Cheyenne school the percentage was as high as 37, there being 13 
cases among 35 positive reactors. This was a day-school, and the con- 
ditions under which the children live are bad, especially during the win- 
ter, when the Indians settle in camps, living with little ventilation in 
overheated tents or shacks. In one of these camps was a young woman 
with advanced tuberculosis, surrounded by a crowd of friends and rela- 
tives of all ages. This case illustrated the difficulties under which the 
physicians of the Indian Department labor. The doctor offered to take 
her to the hospital, and after considerable argument the husband con- 
sented, but when the automobile arrived to take her away they had 
changed their minds and refused to go. 

As a matter of fact all these children are heavily seeded with tubercle 
bacilli in early infancy. Massive infections must be the rule. Whether 
or not there is a tuberculous member of the family, they are all contacts, 
for the herd instinct is very strong, and the Indian is a social creature, 
delighting to visit his neighbors. Often they camp upon one another as 
long as the food holds out, to the despair of the Indian agent and a govern- 
ment who would make of them responsible and self-supporting members 
of American society. The infant mortality, though it shows improve- 
ment, is high, as the following table, kindly furnished by the Montana 
State Board of Health, shows: 
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INFANT MORTALITY RATE 


1926 1927 1928 1929 1930 


119 209.3 | 154.8 | 144.4] 160 
Cheyennes 225 363.6 | 292.7 | 257.1 | 125 
Whole State of Montana 75.6 | 65.9| 60.8] 63.5 57 


Miss Hathaway, the visiting nurse stationed at Hardin, Montana, 
made the suggestive remark that she had noticed that “the families who 
have spitting grandmothers usually lose their babies.” 

Though the number of cases of clinically important tuberculosis may 
seem high, at least one of the reservation physicians expected it to be 
higher. These physicians are a highly competent lot; in fact, the im- 
provement in the Indian medical service in the last few years, due to a 
more liberal policy on the part of the Department, has been remarkable; 
and as they watch the children from year to year their opinions are en- 
titled to the greatest consideration. As Myers (6) says: “In childhood 
pulmonary lesions are not always easily diagnosed. Long periods of 
observation are necessary, and even then one is in doubt as to the diagnosis 
in some cases.” With such a population, bouts of tuberculous broncho- 
pneumonia must be a comparatively frequent occurrence, and many 
of these clear up, leaving little or no evidence on the X-ray film. How- 
ever, it must also be remembered that nontuberculous pulmonary in- 
fections should also be common. Running noses and enlarged tonsils 
abound, and probably sinus infections also. A properly equipped tuber- 
culosis pavilion, within easy reach of both reservations, is badly needed. 
In these days an efficient X-ray outfit is a sine qua non for tuberculosis 
work, and it is unfair to expect these men to carry on without it. At 
best, a “survey” can only “hit the high spots,” while for adequate control 
constant care and unremitting attention are necessary, backed up with 
the best of diagnostic facilities. 

In conclusion the writer wishes to express his appreciation of the 
assistance and courtesies extended to him: to Dr. Linsin, of the Cheyenne 
reservation, who heroically carried on in spite of the handicap of a Pott’s 
fracture and a plaster cast, and, as guide and counsellor and sometimes 
critic, hobbled over the reservation with the author; to Dr. Buren of the 
Crow Agency, who capped his many kindnesses by saving him from star- 
vation; to Dr. Rogers, also of the Crow Agency, whose skill as a chauffeur 
saved him from an untimely death in a snow-filled irrigating ditch, and 
whose friendly dog relieved the tedium of cold and snowy journeys; to 
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Dr. Bridenbaugh, of Billings, Montana, who kindly assisted him with 
the reading of the X-ray films; and, not least of all, to the nurses on both 
reservations, to whose self-sacrificing devotion to the welfare of the 
Indians in their care he would pay tribute. 
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TUBERCULOSIS IN THE INDIAN: 


HERBERT A. BURNS? 


The Indian, without his knowledge or consent, offers us a human experi- 
ment in immunology as well as epidemiology which we can ill afford to 
ignore. The material is conveniently located, the data are or should 
easily be made available for record and study, and the results applied to 
regulative measures of control. 

In Minnesota with a death-rate from tuberculosis of 119.70 per 100,000 
of the general population in 1911, there has occurred a consistent drop 
until the rate in 1931 reached 41.27. While we have on the whole shown 
a very satisfactory decrease in our local tuberculosis death-rate, the 
Chippewa Indian in Minnesota has in no way contributed to this gradual 
approach to an ultimate minimal, since his death-rate has averaged 
409 deaths per 100,000 (1927-1931 inclusive). 

Tuberculosis among the Indians is by no means limited to the Chippe- 
was or confined to Minnesota alone. Each state with a large Indian 
population is the custodian of a serious problem in the prevention and 
control of tuberculosis among this group of its citizens. 

It is most unfortunate that the literature on the prevalence of tubercu- 
losis among primitive people does not include, except occasionally, any 
reference to the tuberculin skin reaction. It is evident from our present 
knowledge of tuberculosis that the observations of the early writers would 
have been able to identify clinical tuberculosis in its advanced form, 
while a race able to handle a residual tuberculosis infection might be 
visited by many casual observers without the presence of tuberculous 
infection ever being identified. 

While there is no reliable evidence concerning the antiquity of tubercu- 
losis amongst the Indians, there has been considerable observation of its 
prevalence as recorded in the writings of Hunter (1), Stratton (2), Gliasan 
(3), Williamson (4), Andrew (5), Mathews (6), Graham (7). These men 
had considerable experience in the observation and study of the preva- 


1 Presented at a session of the Clinical Section of the twenty-eighth annual meeting of the 
National Tuberculosis Association, Colorado Springs, Colorado, June 9, 1932. 
2 Minnesota State Sanatorium, Ah-Gwah-Ching, Minnesota. 
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lence of tuberculosis in the Indian. The conclusions arrived at, that 
the disease was present but not prevalent among the Indians up to their 
forced removal from a primitive to a segregated or reservation life, agrees 
with present opinion. 


TABLE 1 
Indian Service statistics showing, by States, the estimated Indian population, the total deaths, 
and the deaths from tuberculosis in 1925 


TOTAL DEATHS DEATHS FROM TUBERCULOSIS 


=) 
a. 
i=] 
wal 
5 
5 


Area: 
Area: 


ESTIMATED 
INDIAN 
POPULATION 


mated Indian 


tion in death Reg- 
population 


reported 
mated Indian 
population 

Per 100,000 popula- 
istration 
U. S. Census 
reported 

Per 100,000 esti- 

Per 100,000 popula- 
tion in death Reg- 
istration 
U. S. Census 


Number 


|Per 100,000 esti- 


630 


o 
oO 


180,884 


nN 


35,827 a 1,510 
18,812 1,360 270 
792 1,210 1,260 
3,963 670 1,410 
1,522 1,020 260 
13,910 970 430 
10,869 770 620 
2,620 910 690 
4,077 a 220 
12,481 a 380 
9,911 790 390 
16,861 a 230 
3,793 1,120 420 
24,241 a 650 
1,172 890 340} 30 
Washington 10,220 1,010 520 79 
Wisconsin 8,005 1,030 1,000 62 
Wyoming 1,808 830 220 31 


a: Figures not available for the general population because this state is not in the death 
Registration Area of the United States. 
Figures not included for the Five Civilized Tribes. 


The set-up in their social conditions lent itself to permit of a massive 
and continuous exposure to tuberculosis. The result was approximately 
a universal infection, with many breaking down into clinical cases, adding 
to a death-rate that approached or succeeded at times in attaining the 
distinction of an epidemic. 

While there is a marked difference shown in the various states, the 
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lowest death-rate among Indians is much higher than the death-rate for 


the state as a whole. The increase 


in deaths from tuberculosis among 


the Indians over their surrounding white neighbors is constant through- 
out the many tribes distributed in many separate reservation areas 
throughout eighteen states. 


TABLE 2 
Incidence of skin reactors and X-ray findings among Minnesota Chippewas 


MANTOUX TEST 


X-RAY 


Age in years | Negative] Positive 


Calci- 
fied 
hilum 
lymph 
nodes 


13 
41 
68 
86 
75 


12.50 
19.98 
45.66 
39.91 
45.89 
37.81 
48 .89 
68.30 
73.50 
83.94 
80.95 
79.21 
80.00 
79.10 
78.13 
81.94 


Under 1 


452 
347 
200 
137 
126 
101 
90 
67 
64 
72 


80 
72 
53 
50 
59 


nN 


BLOOD CLASSIFICATION 


145 186 | 77.96 


1,388 | 2,125 | 65.31 


BLOOD CLASSIFICATION 


141 
596 


471) 612|76.94 
917|1,513/60.61 


737 |1,388|2,12565.31 


Mixed- 
blood 


Full- 
blood 


283 
23 


830 
51 


Films taken 

Primary nodule 

Calcified hilum lymph 

174 
34 


302 
31 


45 
153 


72 
456 


The 14,929 Indians in Minnesota present the same problem, as far as 
we are able to ascertain, as the 165,955 who are distributed over the 


seventeen remaining states. 


In Minnesota during the past eight months a mobile clinic was organ- 
ized under the auspices of the Indian Bureau, the State Board of Control, 


|_| 
Paren- ; 
Pri- Pleural} chy- | Nega- 
Age mary adhe- | mal | tive 
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and the State Board of Health. This clinic examined 2,724 Chippewa 
Indians. The Mantoux test was given to 2,125 Indians and read in 
1,364 cases: 64.19 per cent were reported positive. X-ray plates were 
taken among 1,163 of these positive reactors, 645 of whom showed 
calcified tracheobronchial glands, calcified primary nodes, pleural adhe- 
sions or parenchymal infiltration. Positive findings on the X-ray plates 
were not common before the fifth year. 

Positive Mantoux reactions appear early in life and continue through- 
out each age-group from 37.8 per cent in the first group, 1 to 4 years, to 
85.35 per cent in the age-group, 45 to 49 years. This high incidence of 
reactors coincides with those found positive on X-ray, both of which 
reveal the tuberculosis reserve drawn upon to supply the high case and 
fatality rates characteristic of the Indian at this time. 

In the St. Benedict’s Mission School for girls located on the White 
Earth Indian Reservation, 118 tests were given. Of these, 62.79 reacted 
positively, while in 12 public schools in the same county 530 Mantoux 
tests on white children showed 19.8 per cent positive reactors. In the 
Indian school 11 showed clinical or roentgenological evidence of paren- 
chymal disease, while, among the white school population, where 75 
films were taken, no such indication of breakdown was found. 

Evidence of tuberculous cervical adenitis was found in 80, or 3.5 per 
cent, of the 2,578 Indians examined up to forty-nine years of age, while 
2.9 per cent were found among those over fifty. Only scars or sinuses 
were considered sufficient evidence upon which to base a diagnosis of 
tuberculous adenitis. 

Bone and joint tuberculosis is not common, nor does the evidence 
show that it has been common during recent years. Records were 
obtained of 6,800 members belonging to 849 family groups equally di- 
vided among full- and mixed-blood Indians. The prevalence of bone 
and joint disease was reviewed and found in 19 instances. 

Probably no more valuable data concerning the epidemiology of tuber- 
culosis can be got than that obtained through the study of the family 
group. Heredity exerts no known control over infection. Just how 
its influence may protect the infected one against clinical breakdown or a 
fatal termination is yet to be demonstrated. Environmental elements, 
while varying greatly, seem to contribute the potent factors essential to 
both infection and breakdown. The family lends itself to a study of 
this problem which would not be possible under any other grouping. In 
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one such family investigated 198 members have been traced during the 
past forty years. 
Family group 
140 are now apparently well 
24 have died of pulmonary tuberculosis 


13 are clinically ill with tuberculosis 
21 have died of nontuberculous diseases 


Totals: "198 


Family group II, while coming from the same parent-stock, should 
share any hereditary disadvantages if heredity is a deciding element in 
choosing the individual for breakdown. However, family group II 
shows an altogether different reaction to tuberculosis than do the mem- 
bers of groupI. The actual differences seem to be largely environmental. 
Group I has lived the usual life of the reservation Indian. Its members 
have subjected themselves to a bad diet for years, and have exposed 
themselves to the sins of indolence and accepted a mental attitude of 
hopelessness. They have exposed themselves in small unventilated 
rooms over long periods of time to open cases of tuberculosis. Group II, 
while more numerous than group I, shows but slightly the influence of 
tuberculosis among its members. This group has in many instances 
moved away from the infected relatives. Forty-seven live at remote 
distances. Others have developed a more effective family life than a 
gens life, which is still continued to a marked extent among the members 
of group I. Possibly most important of all, tuberculosis did not become 
introduced into the family life of group II and, therefore, the long con- 
tinued exposure in the one group has been altogether absent in the other. 
One group has apparently succeeded in sharing with the whites a relative 
immunity, while the other group, living by themselves and continuing 
the exposure and infection introduced some forty years ago, are becoming 
extinct because of infection rather than immunized by it. 

Ferguson (8) has cited the effect of a sanitary environment upon the 
death-rate in the File Hill Demonstration Colony as compared to the 
rate among those of the Reserve. He has shown that the Indians 
residing in the Colony have living conditions in every way comparable 
with the surrounding white population, and their death-rate from tuber- 
culosis has accordingly dropped to correspond with that of the whites. 
The death-rate among those residing on the Reserve has experienced no 
such change. While there are many factors to be considered in the 
evaluation of the elements which have contributed to this change in 
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susceptibility of tuberculosis among family and social groups, the domi- 
nating element is the lack of or the opportunity for exposure. The 
Indian who has succeeded in making a social and industrial adjustment 
has been able to reduce his tuberculosis to a point quite comparable 
with that of his white neighbor. 


SUMMARY 


Except for the chronicity of tuberculosis it does not differ from the 
other infectious diseases. Because the tubercle bacillus is a member of a 
family of parasites dependent upon the human body for its own existence 
and perpetuation, it is subject to the same methods of control that are 
used in the protection of the public from infectious diseases in general. 
The discovery of the positive-sputum case and prevention of the transfer 
of infected sputum to susceptibles must remain the crux upon which 
future control measures will rest. 

At the present time we have a most complicated tuberculosis situation 
involving possibly five groups of citizens. J: We have an adolescent unin- 
fected or recently infected group breaking down after showing a definite 
date of onset with a relatively short period of prodromata leading up to 
breakdown. These cases are occurring in a population that has already 
reduced its death-rate from tuberculosis 60 per cent in twenty years. 
They frequently occur among college and high-school students, and often 
those actively engaged in athletics. This adolescent group is for the 
first time coming into contact with tuberculosis and following such an as- 
sociation clinical disease becomes manifest. The medical student and 
the student-nurse are outstanding examples. The uninfected adolescent 
youth in industry is making a similar contribution to our tuberculosis 
statistics. 

The problem of control is dependent not only upon blocking the route 
of the infection, but more especially upon keeping all routes permanently 
blocked. Without the application of preventive methods in our tubercu- 
losis control, this group of citizens is in danger of contributing to a rise 
in our fatality rates from tuberculosis, as has been predicted by Hill (9) 
and Pearson (10). 

2: A white group requiring much consideration is of those cases that pro- 
gress from incipiency to be eventually reported by death-certificate only. 
These cases are rapidly becoming a minority, but effective control cannot 
be even attempted with such cases occurring daily in every community. 
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The most serious reservoir of infection to-day, in addition to / 
and 2, is 3: the Negro, 4: the Mexican, and 5: the Indian. These 
three racial groups show a high infection rate and a high fatality rate. 
Their association with the whites is much more common and direct 
than may be realized. If we are to control our own fatality rate from 
tuberculosis, we must control it in other groups, whose members are pene- 
trating into our community life, establishing contact and developing in rel- 
atively clean areas great reservoirs of infection. 

It has been frequently said that the Indian was not a serious health 
problem since he did not migrate. His homing instincts were so strong 
as to keep him sufficiently far out in the brush to eliminate him as a 
possible problem in public health. The Indian does better in migration 
than he does at home. He does not crowd when he goes to the city. 
He improves his living condition over his previous reservation life, and 
he does not carry the same amount of tuberculosis with him into the city. 
The 14,929 Indians in Minnesota are not all living on allotments or on 
reservations: 3,777 are living away from the group. In Minnesota 
1,759 are scattered throughout 41 counties, 1,102 being in Minneapolis, 
St. Paul and Duluth: 1,916 are to be found in 38 states, the District of 
Columbia, Alaska, Canal Zone, Hawaii and China. 

Epidemiologically considered, of resistance and infection the latter 
is possibly the more important in the final determination of clinical 
disease. Quantity of infection, together with the opportunity for its 
repetition, is a more potent factor in the progress of the disease toward 
ultimate breakdown than the virulence of the invading microérganism 
or the resistance of its host. 

If circumstances are such as to allow the infection to become greater than 
the grade of the individual’s resistance we may well expect to find evi- 
dence of extension from the primary invasion. 

When a balance can be secured and maintained between infection and 
resistance, whether the invading organism is primary or secondary, the 
general health of the individual will remain unimpaired. This would 
seem to be as applicable to the Indian, at this time fully tuberculized 
and poorly immunized (judging by his death-rate and his high incidence 
of positive skin tests), as it is to the white population, who show a low 
infection rate acquired through the application of preventive measures, 
reducing the opportunity for infection through exposure, rather than 
immunization through infection. 
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CONCLUSIONS 


1. The Indian has a death-rate from tuberculosis ten times greater than 
his white neighbor. 

2. Racial mixing has not seemed to reduce the infection-rate or the 
death-rate from tuberculosis in the Indian population. 

3. The infection-rate among the Indian school-children is much higher 
than among the white school-children living in the same county. 

4. There are no marked differences in the clinical types occurring 
among the various degrees of mixed-bloods, full-bloods and the whites. 

5. The opportunity for contact over a long time seems to be the most 
important element explaining the prevalence of and the high death-rate 
from tuberculosis. 

6. Tuberculosis in the Indian does not differ in any important essential 
from other communicable diseases. 

7. The Indian constitutes an important reservoir of infection which 
must be controlled to prevent the spread of the disease to the non-Indian 
population. 

8. It is quite apparent that the application of epidemiological knowl- 
edge and public-health practice can reduce the infection- and death-rates 


to their ultimate minima among the Indian population. 

9. It is also quite essential to protect our present low levels in fatality 
rates through the elimination of the reservoirs of infection now being 
established by the invasion of heavily infected racial groups. 
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THE INCIDENCE OF TUBERCULOUS INFECTION AMONG 
SCHOOL-CHILDREN ON FIVE MONTANA INDIAN 
RESERVATIONS 


H. J. WARNER! 


The Indian Service, by specific authority of Congress, undertook and 
completed, in 1931, a general survey of the physical condition of Indian 
school-children on five Montana reservations. The Indian children, 
1,557 in number, largely attend the public-schools with white children of 
the same communities. In view of the codperation of the Montana State 
Board of Health in the survey, there were included 893 white children 
attending the same public-schools with the Indian children. The data 
obtained, relating to tuberculous infection in the two groups, are presented 
in the following pages, and it is believed they present an accurate picture 
of the relative incidence of infection in the two races living in the same 
communities. 


LOCATION AND CONDITIONS 


The five reservations, in which the survey was made, lie in the Great 
Plains country east of the Rocky Mountains. This area has long cold 
winters, short hot summers, with a low average rainfall, and a high per- 
centage of days with sunshine. While the climate is rigorous, it appears 
to be salubrious as attested by the favorable mortality rates among the 
white population of Montana. 

The Indians live in rural communities and small towns on or adjacent 
to the reservations. Their living is derived from agricultural and range 
activities in the same manner as their white neighbors. However, it 
must be stated that they live on a much lower economic level than the 
white farmers and ranchers of the same communities. 


RELATED STATISTICS 


Over a six-year period, 1925-1930, the Indian death-rate for tubercu- 
losis in Montana amounted to 775 per 100,000 of population, as compared 
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to the white death-rate of 50.9 per 100,000 for the same disease. In the 
year, 1930, there were recorded the fewest deaths from tuberculosis in the 
history of the state. The white rate was 48.2 per 100,000, while the 
Indians showed 675 per 100,000. 


PROCEDURE OF SURVEY 


Data for name, age, sex, degree of Indian blood, and weights were 
furnished by the teachers. History of family contacts was furnished by 
field nurses. Intracutaneous tuberculin skin tests were made on all 
reservations by one physician assisted by the local nurses and school- 
teachers. Practically all of those reacting positively were X-rayed. 
Chest examinations were made on all children regardless of the outcome 
of the skin test. 


TUBERCULIN SKIN TEST 


The materials used were concentrated Old Tuberculin, diluted to 1 to 
1000 in physiological salt solution. The dose given was 0.1 cc. of this 
solution, making the dose 0.1 mgm. of concentrated Old Tuberculin. In 
testing so many children scattered over such an immense territory, we 
did not deem it necessary or practical to give the usual three dosages. 


Many articles in recent literature confirm the opinion that the dose of 
0.1 mgm. is a sufficiently fine sieve for all practical purposes. After 48 
hours the reactions were read and recorded according to the usual scale. 


TABLE 1 
Result of tuberculin skin test 


TOTAL POSITIVE 


NUMBER NEGATIVE 
TESTED 


Number | Per cent 


Indian children 1,557 584 973 62.49 
White children 893 689 204 22 .84 


Both the white and Indian groups range in age from 4 to 17 years. 
The great majority, however, are in the age-group of 6 to 16 years. It 
will be noted that the positive reactors in the Indian group run nearly 
three times that of the white group. The incidence of tuberculous infec- 
tion in the white group compares with findings of Dickey and Seitz (9) 
in San Francisco, and Chadwick and Zacks in Massachusetts (10). 
Doolittle (2) in Honolulu, dealing with children mostly of colored races, 
finds a percentage of positive reactors not materially different from the 
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Indians in this survey. Ferguson (5) reports, in his survey of tubercu- 
losis among Indian children of the Canadian Great Plains, that 92.24 
per cent were infected. The Indians concerned in Ferguson’s report live 
under practically the same conditions, both economic and climatic, as 
the Indians of Montana. The great disparity in tuberculous infection 
between the white and Indian groups is no doubt surprising to the un- 
initiated, but to one who knows the habits and customs of the Indians 
the results are not unexpected. The low economic status of the Indian, 
the large number of adult cases of manifest tuberculosis at large on the 
reservations, and the gregarious habits of the race, all contribute to the 
high incidence of infection in the children. Practically no Indian child 
escapes domiciliary contact with active cases of pulmonary tuberculosis, 
either in relatives or friends. 


RELATION TO AGE 
Tables 2A and 2B show in detail the results obtained in different age 


groups. 

The record on Indian children as shown in table 2A confirms the findings 
of other investigations, that is, that the percentage of positive reactors 
increases progressively with increase in age. 


The record for the white children, as shown in table 2B, runs contrary 
to the experience of other investigators. The lowest age-group, 4-6 


TABLE 2A 
Relation of age to intracutaneous skin test 
Indian children 


NEGATIVE POSITIVE 


Total 
Plus four | number | Percent 
positive 


Plus 


Number Plus one Plus two ‘iiee 


69 46.94 
72 54.13 
82 54.30 
108 61.71 
106 58.88 
108 61.36 
94 63.09 
98 71.01 
85 77.27 
72 77.42 
35 70.00 
31 83.78 


78 44 24 
61 40 22 
69 36 35 
67 45 47 
74 45 32 
68 51 25 
55 37 32 
40 34 35 
25 36 31 
21 26 31 
15 18 8 
6 10 11 


| 
AGE 
4-6 147 1 
7 133 9 
8 151 11 
9 175 15 
10 180 28 
| 11 176 31 
12 149 25 
13 138 27 
14 110 16 
15 93 14 
16 50 8 ; 
17 37 9 
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TABLE 2B 
Relation of age to intracutaneous skin test 
White children 


POSITIVE 


Plus Total 
Plus one Plus two thiee Plus four | number | Percent 
positive 


25 
14 
18 

7 
17 
17 
15 
10 
19 
12 
11 

9 


25 28.41 
26.98 
20 25.97 
10.25 
22.89 
22.89 
23.29 
15.58 
25.64 
27.27 
28.89 
25.00 
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years, and the 16-year-old group show the highest percentage of positives, 
while the 9-year-old group shows the lowest rate. The author has no 
explanation for this result. 


TABLE 3 
Relation of sex to tuberculin skin test 


MALES 


Positive , Positive 
Nega- | 
tive | Num- Per tive Num- Per 

ber cent ber cent 


Indian children 781 | 314 | 467 | 59.79} 776 | 270 | 506 | 65.21 
White children 435 | 326 | 109 | 25.06) 458 | 363 95 | 20.74 


In the Indian group the girls show a higher percentage of positives than 
the boys. Other investigators have found similar results in white groups, 
though Chadwick and Zacks (10) found a greater number of positives 
among males of all ages, except in English, Scots and Scandinavians. 
Among Indians generally the boys of the family are much more impor- 
tant and highly valued than the girls. It is highly probable that the boys 
have the advantage in the family life in the matter of food, clothing and 
general care, which might account for their relatively better showing. 

The white group shows the highest incidence of infection among the 
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| 12 73 56 
13 77 65 
| 14 78 58 
é 15 55 40 
16 45 32 
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boys, which is at variance with the findings of the majority of investi- 
gators. There is a factor present here which it is believed has a bearing 
on the higher percentage of positives among the white boys. While the 
white and Indian children attend the same schools, there is more or less 
of a color-line drawn in the social activities. The white boys are less 
liable to observe this color-line and mix freely on the playground with 
their Indian brethren in all kinds of games, which affords an opportunity 
for contact infection derived from the more highly tuberculized group. 


TABLE 4 
Relation of degree of Indian blood to tuberculin skin test 


POSITIVE 
TOTAL 


TESTED NEGATIVE 


Number Per cent 


Full blood Indian 637 156 481 75.51 
§ to ¢ Indian 221 66 155 70.13 
2 to ¢ Indian 356 134 222 62.36 
+ to % Indian 341 213 128 37.54 
893 689 204 22.84 


So far as determined by a partial survey of the literature, this is the 
first attempt to show the effect of Indian blood upon the infection-rate 
of tuberculosis. The records of the Indian agencies are rather accu- 
rately kept, and the degree of Indian blood of each member on the tribal 
roll is a matter of official record. It is interesting to note that, as the 
degree of Indian blood increases, there is a progressive increase in the 
percentage of tuberculous infection. The full-blood Indian shows a rate 
three and a half times that of the white, and twice that of the } to } 
group of Indians. On the face of the returns it would appear that the 
Indian has an inherent susceptibility to tuberculosis, but it is possible 
that social and economic factors may be responsible for the higher rates. 
All evidence tends to prove that tuberculosis was present among the 
Indian tribes prior to the coming of the white man (6). His former free 
and nomadic life in the open air tended to keep the incidence of tubercu- 
losis to a low rate. The sudden transition of the Indian from his former 
life to the settled existence in a crowded cabin with poor ventilation, poor 
food, and unsanitary conditions, provided all the factors for a rapid in- 
crease in tuberculosis. The full-blood Indian finds difficulty in adapting 
himself to a white man’s civilization, and, being a fatalist by nature, he 
accepts conditions as they are and makes little effort to adjust himself. 
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The earning power of the full-blood Indian is low, and such income as 
is acquired is spent to poor advantage. 

As the percentage of white blood increases, the mentality and psychol- 
ogy of the Indian changes to approximate more nearly that of the white 
race. His earning power increases, and, with improvement in his eco- 
nomic status, his standard of living rises. While the full-blood Indians 
largely refuse the medical aid and hospitalization offered by the Indian 
Service, the part bloods and especially the 4 to + Indian group 
accept such medical aid and advice with much more readiness. The } 
to } Indian group live in practically the same manner and on the same 
economic level as their white neighbors, but their social contacts are all 
with the Indian group, thus affording a greater opportunity for contact 
infection. Perhaps it is safe to say that variation in the incidence of 
tuberculosis for the different groups presented in table 4 is very largely 
traceable to social and economic causes. 


RELATION OF WEIGHT TO SKIN TEST 


All the Indian children in the survey were weighed, and the results were 
recorded by the school-teachers. Using the Wood-Baldwin weight tables 
to represent the normal, the children were classified as overweight, 
average, and underweight. As the Wood-Baldwin standard was pre- 
pared from averages of white children, it is not believed to be applicable 
for use with Indians, so far as determining deviations from normal. In 
fact, Indian tribes vary so in their characteristic physique, that no 
single standard could be used for all Indians with satisfaction. A careful 
study of the data obtained did not show any variation between the 
different weight-groups in the matter of positive skin reactions. 


RELATION OF SKIN TEST TO X-RAY LESIONS 


The majority of the children in the survey, showing a positive skin 
test, were X-rayed, single anteroposterior roentgenograms being taken. 
A few of the Indian children had dropped out of school, and some white 
children were not X-rayed on account of parental objection. 

Under heading of ‘‘Childhood Lesions of Tuberculosis” were grouped 
tuberculosis of the tracheobronchial lymph nodes, pulmonary infiltration 
(childhood type), pulmonary nodules, and pleurisy. Under “Apical 
Tuberculosis” were grouped those cases which showed apical lesions 
of the adult type, both active and quiescent. 

It will be noted in tables 5A and 5B that there is a close correlation 
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between the intensity of the tuberculin reaction and the percentage of 
X-ray lesions found. The total lesions discovered in the Indian group 
run twice those in the white group. 

The most frequent finding in both Indian and white groups was the 
calcified or partly calcified peribronchial lymph nodes. These lesions 
were much more extensive and widespread in the individual Indian child 


TABLE 5A 
Relation of degree of tuberculin reaction to X-ray lesions 
Indian children 


CHILDHOOD APICAL 
LESIONS OF PULMONARY 
TOTAL TUBERCULOSIS | TUBERCULOSIS 


TUBERCULIN REACTION CASES 
X-RAYED 


Per Num- Per Num- Per 
cent ber cent ber cent 


391 52.94; 191 | 48.85) 16 | 4.09 

318 69.81} 195 | 61.32} 27 | 8.49 

190 81.05; 140 | 73.68; 14 | 7.37 
10 90.00 9 | 90.00; | 0 


909 65.12} 535 | 58.85} 57 | 6.27 


TABLE 5B 
White children 


CHILDHOOD APICAL 
LESIONS OF PULMONARY 
yur TUBERCULOSIS TUBERCULOSIS 


TUBERCULIN REACTION 


Per Num- Per Num- Per 
cent ber cent ber cent 


30.46} 39 | 30.46, 0 | 0 
40.66, 6 | 40.00) 1 6.66 
80.00) 4 | 80.00; 0 | 0 

0 0 0 


33.78} 49 | 33.11) 1 .67 


than in the white. McPhedran (17) states that demonstrable tracheo- 
bronchial calcification is an index of severe infection, suggesting intimate 
contact with sputum-positive tuberculosis. This bears out the previous 
statement in this article that practically every Indian child has intimate 
contact with adult cases of manifest tuberculosis, either through members 
of his immediate family or with friends and relatives, who crowd into 
the small cabin home and spend days and weeks at a time. 

The next most frequent finding was focal infection or calcified nodules 
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followed closely by evidences of pleurisy. Adult pulmonary lesions 
run very high in the Indian group, in which were found 57 cases, 46 being 
active and 11 inactive. The Indian group showed 6.27 per cent of the 
adult type of tuberculosis, which is approximately six times the incidence 
noted by other investigators in widely varying localities. The white 
group shows little variation from figures presented in the literature. 


SUMMARY 


1. Data are presented from a tuberculosis survey of 2,450 children, 
including both Indian and white, in Montana. 

2. 1,557 Indian children gave 62.49 per cent positive reactors with the 
tuberculin test. 

3. 893 white children gave 22.84 per cent positive reactors with the 
tuberculin test. 

4, The Indian group showed a steady increase in incidence of infection 
as the age advanced. 

5. The white group showed no correlation between advancing age and 
positive skin test. 

6. The Indian group showed a higher incidence of infection in the 
females. 

7. The white group showed a higher incidence of infection in the males. 

8. The incidence of infection shows a progressive increase in accordance 
with degree of Indian blood. 

9. There appeared to be no relation between weight and incidence of 
infection. 

10. There was a close correlation between the intensity of the tubercu- 
lin reaction and the percentage of X-ray lesions found. 

11. The Indian group showed 65.12 per cent with X-ray lesions in those 
with a positive skin test. 

12. The white group showed 33.78 per cent with X-ray lesions in those 
with a positive skin test. 


CONCLUSIONS 


1. The survey gave to the Indian Service valuable information which 
allows accurate planning for sanatorium care. 

2. Valuable epidemiological data were provided for the Montana 
State Department of Health. 

3. The intracutaneous tuberculin test affords an accurate method for 
the determination of tuberculous infection in school children. 
4. The Indian group shows a high incidence of infection. 
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5. The white group shows an average degree of infection comparable to 
other white groups in the United States, living under similar conditions. 

6. The high degree of infection in the Indian group is probably due 
very largely to economic and social causes. 
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PULMONARY TUBERCULOSIS IN THE AGED! 
ELI H. RUBIN? 


Montefiore Hospital and its Country Sanatorium admit patients in 
all stages of pulmonary tuberculosis. In the former institution, between 
25 to 30 per cent of the patients on the Tuberculosis Division are past the 
age of fifty. In the latter, only a third as many are of such advanced 
age. In addition, a large number are examined at autopsy. This 
offers an unusual opportunity to correlate the clinical course of the dis- 
ease and the postmortem findings in many instances. Since there are 
comparatively few hospitals that treat this type of patient, the disease 
has been little studied in aged individuals. The following remarks are 
based on a study of 414 patients past the age of fifty years who have 
been treated at the hospital in the last six years. Many of them were 
under the observation of the writer. 

Although every manifestation of pulmonary tuberculosis in young 
adults may be duplicated in the aged, one encounters, nevertheless, 
certain characteristics of the disease more often in one group as com- 
pared to the other. In the aged, the greater incidence of productive 
forms of pulmonary tuberculosis parallels to some extent the natural 
tendency toward sclerosis that appears with advancing years in many 
other organs of the body. Then again in the aged it is very often a 
localized form of tuberculosis affecting chiefly the lungs, while in younger 
individuals generalized disseminations of tubercle bacilli in a multiplicity 
of organs are particularly frequent. What distinguishes, however, 
tuberculosis in the aged is the frequency with which nontuberculous 
complications coexist. The latter, in many instances, are of greater 
clinical importance than the pulmonary tuberculosis. In a review of 604 
autopsies of patients with pulmonary tuberculosis we find that in 86 
per cent of 209 patients under 30 years of age, all of the major pathological 
changes can be attributed directly or indirectly to the infection with the 
tubercle bacillus. This is true in 72 per cent of 266 patients between 


1From the Tuberculosis Division of the Montefiore Hospital, Dr. Maurice Fishberg, 
Chief of Division. 
2 Goldschmidt Student in Tuberculosis. 
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the ages of 21 to 50 and in only 45 per cent of 129 patients over 50 years 
of age. 


LATENT APICAL TUBERCULOSIS 


Latent tuberculous foci are present very frequently in the apices of 
the lungs of elderly individuals. Lesions of this character are found in 
about 25 per cent of the lungs examined at the Montefiore Hospital of 
individuals past 50 years of age who die of various nontuberculous dis- 
eases. The foci are partly caseous, partly fibrotic, and calcareous. 
They are hardly of clinical significance, being the remains of infections 
sustained earlier in life. Although they attest to the relative benignity 
of tuberculosis situated above the level of the clavicles in old people, 
reactivations sometimes occur, leading to progressive pulmonary dis- 
ease, which in some instances assume bronchopneumonic or even a gen- 
eralized miliary form. 

TABLE 1 
Age and sex distribution of 414 cases 


50-54 | 55-59 | 60-64 | 65-69 | 70-74 TOTAL 


97 87 | 68 40 20 316 
28 23 | 24 17 5 0 98 


125 | 110 | 92 57 25 414 


Patients occasionally reveal bronchiectatic dilatations limited to the 
upper lobes of the lungs in association with latent tuberculous foci or 
fibrotic tuberculosis of wider extent. Apparently, the process of sclero- 
sis may initiate secondary changes in the pulmonary parenchyma and 
bronchi, leading to a condition which not infrequently is mistaken for 
tuberculous cavitation. The persistent absence of tubercle bacilli in the 
sputum is strongly suggestive that one is dealing with upper-lobe bron- 
chiectasis. We have been able to make this distinction recently in 
several cases. It is well to bear in mind that in more than 99 per cent 
of patients who have pulmonary tuberculosis with cavity-formation 
tubercle bacilli can be found in the sputum. 


FIBROID PULMONARY TUBERCULOSIS 


Approximately one-third of the patients past fifty years of age on the 
Tuberculosis Division of the Montefiore Hospital have a dominantly 
fibrotic form of pulmonary tuberculosis. The majority of these are in 
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the sixth and later decades of life. A typical history reveals cough, 
moderate expectoration, increasing dyspnoea, and loss of weight and 
strength as the outstanding complaints. The temperature is frequently 
subnormal, the pulse somewhat rapid, the blood-pressure low. About 
35 per cent have bloody sputum or frank haemorrhage some time during 
the course of the illness. ‘Asthma’ is an all-inclusive complaint. A 
history dating 15, 20 or more years in duration is not uncommon. Many 
remember having had a haemorrhage or a pleurisy in their adulthood 
and, at the advice of a physician, had gone for a rest to. the country. 
On their return, they pursued their occupations for a number of years 
until a “pneumonia,” “influenza” or “grippe” aggravated the cough and 
dyspnoea which had persisted to a mild degree since their initial illness 
and obliged them to seek medical attention. Others give a history of 
attacks of ‘‘bronchitis” recurring for many years, particularly during 
the winter months. A few trace the onset of their illness to a more 
recent date with fever, sweats and repeated haemorrhages. In many of 
these, upon closer questioning, a pulmonary symptomatology of longer 
duration can be elicited, and almost invariably evidences of old-standing 
disease with recent reactivation can be made out on physical and roent- 
gen examinations. 

The patients are usually underweight, averaging from 100 to 110 lbs. 
At times, there is a degree of cachexia present that is out of proportion 
to the extent and activity of the pulmonary disease and in many in- 
stances an associated malignant tumor is suspected. The postmortem 
examination reveals the condition to be entirely due to tuberculosis. 
Occasionally, obese individuals, weighing from 175 to 190 lbs., are en- 
countered who have extensive fibroid pulmonary tuberculosis. 

These individuals do not present, as a rule, the physical signs that are 
commonly associated with pulmonary tuberculosis. On inspection, the 
pectoral and intercostal muscles are frequently atrophied, with resulting 
prominence of the clavicles and ribs. The degree of chest expansion is 
limited and there is often a lagging of one hemithorax. The trachea 
is often deviated to one side at the suprasternal notch, more often to the 
right. The percussion note is a mixture of dulness and tympany as a 
result of pulmonary emphysema, pleuritis and rigidity of the thoracic 
cage. Auscultatory signs suggestive of consolidation and cavitation, 
such as are found in the examination of younger patients, are inconstant 
or absent in the aged. A deviated trachea in juxtaposition to a fibrotic 
upper lobe may transmit bronchial or bronchocavernous breath-sounds 
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in the absence of cavity-formation in the lung. On the other hand, large 
cavities are frequently accompanied by feeble breath-sounds of a bron- 
chovesicular quality. In general, bronchial and bronchocavernous 
rather than classical cavernous breath-sounds are heard more often in 
elderly patients with fibrotic cavities. Furthermore, in the absence of 
moist rales over the upper half of the lungs and tubercle bacilli in the 
sputum, abnormal deviations in auscultatory findings in aged individuals 
should be interpreted as due to pulmonary tuberculosis only when there 
are corroborative evidences on the roentgen film. It is our impression 
that one can occasionally suspect the presence of a large dry cavity by 
the high-pitched tubular quality of the inspiratory more so than of the 
expiratory phase of expiration, particularly when there is marked pul- 
monary emphysema. Harsh bronchovesicular breath-sounds are audible 
in most cases especially over the lower halves of the lungs. Rdales are 
usually few in number, dry in character and easily confused with ad- 
ventitious sounds arising in the bronchi and pleura. 

The roentgen film is of decisive importance in the diagnosis. It enables 
one to visualize the anatomical extent of the disease, the secondary pul- 
monary changes and, with experience, the character of the pathological 
process. The pleura is thickened, especially over the upper lobes, the 
apices are retracted and there may be visible differences in the size of 
the two lungs beyond the range of normality. The lungs reveal nu- 
merous linear infiltrations or dense, fibrotic consolidations in the upper 
lobes. There is evidence of marked fibrosis and calcification of the in- 
dividual nodules and smaller tubercles. Apicocaudal, linear bands are 
frequently seen attached to the domes of the hemidiaphragms whose con- 
tour is often distorted. The costophrenic angles are either obliterated, 
or else, in emphysematous individuals, are particularly well illuminated. 
Associated peribronchial fibrosis or bronchiectasis, pulmonary emphy- 
sema, cardiac displacement and other abnormalities in the lungs and their 
covering can be studied in a well-taken film. 

Tubercle bacilli are found in the sputum in about two-thirds of our 
patients with fibroid tuberculosis. Undoubtedly, more diligent search 
by concentration and guinea-pig testing would reveal many more positive 
cases, particularly when cavity-formation is present. Since bronchiec- 
tatic dilatations, emphysematous blebs, neoplasms, suppurative and 
fungus infections not infrequently simulate fibroid tuberculosis, clini- 
cally as well as roentgenologically, a careful examination of the sputum 
is a great aid in differential diagnosis. Recent experiences along these 
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lines make us believe that it is up to the physician to prove that a patient 
has advanced pulmonary tuberculosis when tubercle bacilli cannot be 
found in the sputum upon repeated examination. 

The course of illness of patients with fibroid pulmonary tuberculosis 
is of considerable medical interest. About two-thirds of our patients 
leave the hospital of their own volition or are discharged after many 
months or years of hospitalization. The remainder die at the hospital, 
usually after several readmissions over a variable number of years. 
The course of the disease of patients revealing cavity-formation is, on 
the average, shorter than of noncavity cases, but exceptions are so fre- 
quent that no hard and fast rule can be made. It is not infrequent for 
a patient to enter the hospital, weighing 110 or 115 lbs., and, after 
several readmissions over a period of five to ten years, increase the 
weight to 130 or 140 lbs. At each readmission there is usually some 
falling off from the weight of the previous discharge but the net result is 
a gain of many pounds. Many of our patients manage to spend their 
summers in the country sanatorium and their winters in the city institu- 
tion. The majority of these patients present a problem in custodial 
rather than in medical care. Undoubtedly, the type of individual one 
has to deal with determines to a great extent the nature of the problem. 

Pulmonary tuberculosis of the fibroid type, as a rule, remains localized 
in the lungs throughout the course of the patient’s illness. It is a dis- 
ease which, with occasional exceptions, causes little hardship to the 
individual while he is alive, and it contributes little to his death. Rarely 
does a generalization of the disease take place comparable to what occurs 
frequently in young adults. When such is the case, it is almost in- 
variably a terminal affair. Occasionally, a few indolent tuberculous 
ulcers are present in the intestines and larynx. These complications 
usually partake of the same benignity that characterizes the course of 
the pulmonary disease. 

The lungs, in addition to the dominantly fibrotic nature of the tuber- 
culous disease, are almost invariably the seat of extensive bronchiectatic, 
atelectatic and emphysematous changes. The parietal and visceral 
layers of the pleura are everywhere thickened and for the most part 
adherent to each other. The mediastinal structures are usually dis- 
placed, while the hilum is frequently drawn up, in some instances, almost 
to the apex of the lung. Although the clinical picture is frequently 
dominated by one or another of these secondary changes, there is nothing 
from the appearance of the lungs to warrant differentiations such as 
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emphysematous, bronchitic, asthmatic or pleuropulmonary forms of 
fibroid tuberculosis. All of these changes, in varying degree, are present 
in the lungs. 

In the majority of patients with fibroid pulmonary tuberculosis, death 
is due to cardiac insufficiency or to nontuberculous bronchopneumonia. 
Terminal haemoptyses are uncommon. Complicating conditions that 
are frequently encountered are those due to arteriosclerotic changes in 
the blood-vessels of the heart, brain and kidneys, hypertension, chronic 
arthritis, malignant tumor of the lung or other organs, and syphilis. 
No correlation can be made between the benignity of the pulmonary 
tuberculosis and the presence of associated diseases of old age. A domi- 
nantly fibrotic form of pulmonary tuberculosis naturally allows an in- 
dividual to reach an age that is characterized by various degenerative 
changes in the visceral organs. 


FIBROCASEOUS PULMONARY TUBERCULOSIS 


This form of tuberculosis occurs in about half of our patients of 
fifty years of age and over. The pulmonary symptoms, on the average, 
range in duration from two to five years. The majority of patients 
present an acute or subacute onset with cough, profuse expectoration, 


fever, sweats and rapid loss of weight. A history of blood-spitting is 
often obtained. Because of the frequency with which the larynx and 
intestines are involved, hoarseness, pain in the throat, colic and diarrhoea 
are often present and, at times, these extrapulmonary localizations 
overshadow the pulmonary disease. A few patients give a history of 
cough and expectoration of many years’ duration, in whom, apparently, 
there had been a recent reactivation of a long-standing pulmonary dis- 
ease. A large number, however, state that they had been in the best of 
health until a short time prior to their admission to the hospital. 

The patients appear to have lost a great deal of weight in a short 
period of time. They have fever, rapid pulse, and are often too weak to 
leave the bed. The lungs present characteristic findings clinically and 
roentgenologically, indicative of bilateral pulmonary tuberculosis with 
cavity-formation. The older process, when demonstrable, is more 
often in the right upper lobe and the recent spread in the left midlung. 
One rarely sees advanced pulmonary tuberculosis of the fibrocaseous 
type in the aged confined to one lung, such as one finds occasionally in 
patients with fibroid pulmonary tuberculosis. Possibly, the reason lies 
in the fact that most elderly patients with fibrocaseous pulmonary tuber- 
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culosis have had a dormant fibrotic tuberculosis for a number of years 
previously. In these, acute reactivations are particularly apt to result 
in bilateralization of the disease. 

About 75 per cent of our elderly patients with fibrocaseous pulmonary 
tuberculosis die at the hospital, the majority (65 per cent) within six 
months of their admission. In these, the course of the disease is charac- 
terized by cough, expectoration, fever, rapid pulse, loss of weight, ex- 
cessive sweating and repeated haemoptyses. Tuberculosis of the larynx 
and intestines contributes to the rapid progress of the disease. Of the 
patients who leave of their own accord few are in as good a condition as 
they were when admitted to the hospital. A small number are dis- 
charged or transferred to the country sanatorium with their disease in a 
state of quiescence. 

The postmortem findings in elderly patients with fibrocaseous pul- 
monary tuberculosis are not unlike those in young adults. The disease 
in the lungs shows extensive areas of cavitation, especially in the upper 
lobes, with conglomerate caseous nodules and miliary tubercles in the 
remainder. Tuberculous bronchopneumonia, at times associated with 
nontuberculous bronchopneumonia, is frequently present. In about 
two-thirds of these patients, extrapulmonary tuberculous complications 
are present, particularly in the intestines (40 per cent) and larynx (25 
per cent). Patients above the age of fifty years who have laryngeal 
tuberculosis have ulcers in the intestines three times as often as do 
patients who do not have the laryngeal complication. Tuberculosis of 
the spine and ribs as well as tuberculosis of the genitourinary organs are 
frequent complications. Either as a result of these involvements or 
possibly concomitant with them generalized miliary disseminations are 
not uncommon. Tuberculous meningitis is frequently seen in these 
patients. Although nontuberculous complications are present in many, 
it appears that the major pathological changes leading to the death of 
the patient are caused by the tubercle bacillus. 


DIABETES AND TUBERCULOSIS 


In our elderly patients diabetes mellitus is probably the greatest single 
factor causing recrudescence of a dormant tuberculous process in the 
lungs. No less than 72 of the 414 patients (17 per cent) comprising the 
material of this study had diabetes and pulmonary tuberculosis. The 
association of these two diseases leads in about 90 per cent of our patients 
to a rapidly progressive pulmonary tuberculosis. This accounts to 
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an appreciable extent for the large number of patients in our material 
who had fibrocaseous pulmonary tuberculosis rather than the fibroid 
form. It has been our impression for some time that the course of tuber- 
culosis behaves somewhat differently in diabetics than in nondiabetics. 

With occasional exceptions, the history of diabetes antedates the his- 
tory of tuberculosis. Some patients first realize that they have both 
diseases when they are examined by a physician for their pulmonary 
complaints and sugar is found in the urine. The majority, about 60 
per cent, know of their diabetic condition long before they begin to have 
pulmonary symptoms. Our material reveals several instances of in- 
dividuals in whom there is every reason to believe that the pulmonary 
tuberculosis had been present prior to the development of the diabetes. 
But this is rather exceptional. The course of the pulmonary disease 
depends on the severity of the diabetes and the character of the tuber- 
culous process. Mild degrees of diabetes may not influence at all a 
fibrotic upper-lobe tuberculosis. When the diabetes is of a severe degree 
and is accompanied by excessive loss of weight and strength, fulminating 
reactivation of the pulmonary tuberculosis is common. 

The course of tuberculosis in a patient with diabetes presents several 
peculiarities. Considering the advanced age of the patient, the disease 
in the lungs is apt to be exceptionally progressive in nature. Of the 72 
patients with diabetes and tuberculosis, 64 died at the hospital, the 
majority within six months of their admission. The onset of the pul- 
monary disease is very often acute, simulating a pneumonic process. 
We have seen on the other hand, patients who had a remarkable paucity 
of symptoms considering the extensive involvement of the lungs. Con- 
trary to the general opinion that pulmonary haemorrhage is infrequent 
in diabetics, our material reveals that 60 per cent of our diabetics gave 
a history of blood-spitting or haemorrhage as compared to 40 per cent of 
the nondiabetics of the same ages. Furthermore, terminal haemoptyses 
occurred in about 13 per cent of the former as against only 4.5 per cent 
of the latter. Our autopsy material comprising 604 patients of all ages 
(42 had also diabetes) reveals that terminal haemoptyses occurred three 
times as often in the diabetics. The type of material studied must be 
taken into consideration in making comparisons of the clinical and 
necropsy findings of different investigators. 

The physical findings in patients with tuberculosis and diabetes are 
notably misleading. Extensive bronchopneumonic infiltrations are fre- 
quently accompanied by few physical signs. Cavities are likewise 
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difficult to detect. Invariably, the roentgen film reveals a far more 
extensive disease than is suspected on physical examination. The film 
often shows large and small infiltrations which have a tendency to co- 
alesce and form irregular areas of consolidation with central ulceration. 
The process in many patients extends from the hila of the lung toward 
the periphery, with dominant localization either in the infraclavicular, 
midzonal or basilar regions. At other times, it is of a more diffuse, 
bronchopneumonic character. Fluid levels in cavities and pleural 
effusions often accompanied by small tuberculous pneumothoraces are 
frequently demonstrable. Serial roentgenograms even over short periods 
of time may show marked progression of the tuberculous process al- 
though clinically the condition of the patient appears unchanged. Ina 
few instances, we have seen equally rapid retrogressive changes. 

The lungs, at autopsy, are the seat of extensive fibrocaseous pulmo- 
nary tuberculosis with soft-walled, yellowish, moth-eaten cavities that fre- 
quently contain a purulent or bloody material. Although an older 
fibrotic tuberculosis is usually present, in many cases there is little 
fibrotic reaction in the lungs accompanying the recent spread of the 
disease. The pleural cavities are often remarkably free of adhesions. 
Spirochaetal superinfections, necrotizing bronchopneumonias and abscess- 
formations are not uncommon. Pyopneumothorax is a compara- 
tively frequent complication. Possibly as a result of the rapid course 
of the disease, particularly in the younger age-groups, laryngeal and 
intestinal tuberculosis are not encountered as often in diabetics as in 
nondiabetics. This is partly borne out by the fact that, in proportion 
to the incidence in nondiabetics of comparative ages, laryngeal and intes- 
tinal tuberculosis occur less often in younger than in older diabetics. 
Analysis of 604 autopsies of patients with pulmonary tuberculosis, in- 
cluding 42 who had diabetes, reveals the following: Of 18 patients under 
the age of fifty, 3, or 16 per cent, had laryngeal tuberculosis (45 per cent 
in nondiabetics). Seven, or 38 per cent, had intestinal tuberculosis 
(67 per cent in nondiabetics). On the other hand, of 24 patients over 
the age of fifty, 4, or 16 per cent, had laryngeal tuberculosis (25 per cent 
in nondiabetics), and 6, or 25 per cent, had intestinal tuberculosis (39 
per cent in nondiabetics). When these complications occur in diabetics, 
they are apt to partake of the “silent’’ characteristics of the pulmonary 
disease since they are often not detected clinically. Arteriosclerotic 
changes in the blood-vessels, as would be expected, are frequently found 
in patients who-have diabetes and tuberculosis. The condition rarely 
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results in gangrene of the extremities. In many patients the coronary 
arteries are sclerotic and occasionally occluded, with resulting infarction 
of the myocardium, which is, of course, a terminal phenomenon. 


UNUSUAL FORMS OF TUBERCULOSIS IN THE AGED 


Bronchopneumonic Tuberculosis 


The entire clinical course of the pulmonary disease in a number of our 
patients was distinctly bronchopneumonic in character. In a few there 
appeared to be massive lobar involvement, the process quickly under- 
going cavity-formation. One man, aged 55, developed cough, expec- 
toration, weakness and fever three months before admission to the 
hospital and died twelve days after admission. In the short period he 
lost 35 lbs. in weight and the course of his disease was characterized 
by temperature ranging from 103° to 105°, rapid pulse, dyspnoea and 
associated signs of pneumonic tuberculosis. The entire course of the 
disease in another patient, a diabetic woman aged 57, lasted slightly 
more than six months. Her clinical picture was also that of an acute 
tuberculous consolidation involving chiefly the lower lobes. 

More often the tuberculous bronchopneumonia is a terminal event in 
the course of fibrocaseous or fibroid pulmonary tuberculosis. Terminal 
tuberculous bronchopneumonias occasionally occur in patients with 
so called surgical forms of tuberculosis in whom there is usually a minimal 
degree of lung pathological involvement. We have met with instances of 
terminal tuberculous bronchopneumonias in patients with various non- 
tuberculous affections (actinomycosis, pseudobulbar palsy and cancer 
of various organs) who did not show during life any evidences of tuber- 
culous disease. 


Nodular Pulmonary Tuberculosis 


Among the 414 patients, 25 instances of nodular pulmonary tuber- 
culosis were encountered. These nodular disseminations were of several ‘ 
varieties. 1: Submiliary fibrotic tubercles throughout both lungs in 
association with fibrocavernous pulmonary tuberculosis of the upper 
lobes. These tubercles were chiefly of the acinar nodular variety, the 
parenchyma being studded with irregular, mulberry-shaped nodules, 
following the course of the bronchi. 2: Submiliary fibrotic or calcified 
tubercles uniformly distributed throughout both lungs from apex to 
base apparently by way of the blood- or lymph-channels. 3: Acute or 
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subacute miliary pulmonary tuberculosis almost invariably in association 
with generalized miliary tuberculosis. 

The nature of this nodular distribution is apparent only on roentgen 
examination. The acute miliary form is sometimes suspected clinically 
from the nature of the systemic reaction. The chronic and healed forms 
maintain the same roentgen configuration for many years except for in- 
creasing calcium deposition in the tubercles. In some instances, it 
appears that one is dealing with a chronic tuberculous bacillaemia in the 
course of which a multiplicity of organs are involved. The condition 
may be as protracted and benign as is so frequently the case with chronic 
pulmonary tuberculosis. A terminal acute dissemination with involve- 
ment of the meninges is not uncommon in these types of tuberculosis. 


Generalized Miliary Tuberculosis 


One rarely meets with this form of tuberculosis clinically, yet at the 
autopsy table it is not at all infrequent. We are not considering here the 
terminal miliary tubercles that are found incidentally in the liver, spleen 
and kidneys in the course of fibroid or fibrocaseous pulmonary tubercu- 
losis but the form of generalized miliary tuberculosis that appears 
clinically and at the postmortem examination to be the dominant mani- 


festation of the tuberculous disease. In the latter, of course, evidences 
of tuberculous changes are usually found in the lungs, lymph nodes and 
other organs but these are of secondary clinical importance. 

We have seen several instances of generalized miliary tuberculosis in 
elderly individuals. In two patients, one aged 52 and the other 61, the 
following organs were involved: In the former, the lungs, intestines, 
prostate, seminal vesicles, ductus deferens, epididymis, lower thoracic 
vertebrae with paravertebral tuberculous abscesses, the liver, spleen, 
kidneys and meninges; in the latter, the lungs, the eighth, ninth and 
tenth ribs with sinuses of the anterior chest-wall, the testes, epididymes, 
seminal vesicles, vasa deferentia, prostate, kidney, liver, suprarenals 
and meninges. Genitourinary organ tuberculosis, osseous tuberculosis 
and generalized miliary tuberculosis, as typified in these two patients, 
constitute a triad that is frequently encountered in elderly individuals, 
particularly in the males. In clinical importance, it is comparable to the 
laryngopulmonary intestinal triad so often seen in younger individuals. 


It would take us too far afield to discuss such forms of tuberculosis in 
the aged as are characterized by extrapulmonary localizations as the 
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dominant character of the disease or instances of the association of 
cancer and tuberculosis. Of the latter, a study of the first 2,000 autopsies 
performed at the Montefiore Hospital revealed 45 instances. In 12 of 
these cancer and tuberculosis coexisted in the same lung. Mixed pul- 
monary infections with spirochaetal and other organisms occasionally 
complicate the pulmonary tuberculosis, causing secondary necrosis and 
abscess-formation in the larynx, trachea and lungs. From the appear- 
ance of the buccal cavities of some of our patients it is surprising that 
such infections do not occur more frequently. 


THE CARE OF AGED INDIVIDUALS WITH PULMONARY TUBERCULOSIS 


The medical treatment of elderly patients with pulmonary tuber- 
culosis is along somewhat different lines than are generally followed in the 
treatment of young adults. There is greater need for medicinal treat- 
ment and there is less need for “open air” treatment. Elderly individ- 
uals do not bear cold well because their peripheral circulation is impaired. 
Proper nourishment and rest constitute the basic treatment. 

Since the majority of elderly patients with pulmonary tuberculosis are 
underweight, it is essential that the diet should contain a requisite 
number of calories, supplemented if necessary by additional meals. 
Few patients. complain of gastrointestinal upsets as a result of super- 
alimentation. We find the regular hospital diet with meat twice a day 
to be satisfactory even in the case of patients who are subsequently 
shown to have had tuberculous ulceration of the intestines. Our elderly 
patients with pulmonary tuberculosis seem to suffer less of “delicate 
stomachs”’ than their more fortunate brethren without pulmonary tuber- 
culosis. Febrile, progressive cases, as in other diseases, frequently re- 
quire modifications in the diet to meet individual needs. The food and 
insulin requirements of the large number of diabetic patients on our 
wards are taken care of by trained dietitians under expert medical 
supervision. 

Although the same principles that underlie the “Rest Cure” apply to 
tuberculosis in the aged as in younger ages, there are several features 
that apply particularly to the former group. Rest is imperative for many 
patients who have considerable degrees of pulmonary emphysema and 
for others who have cardiac insufficiency, irrespective of the extent and 
character of the pulmonary tuberculosis. On the whole, it is our im- 
pression that the benefits of rest obtained by elderly individuals with 
pulmonary tuberculosis are probably due to the effects on the circulatory 
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rather than on the respiratory systems. It is doubtful whether rest, 
per se, causes an increase in the productiveness of the disease in an 
elderly individual with fibroid or even fibrocaseous pulmonary tuber- 
culosis who has had the condition for many years. 

One finds frequent use for sedative mixtures containing codeine, es- 
pecially at bedtime, and expectorant mixtures on other occasions. Theo- 
bromine compounds and diuretics are employed quite often. Collapse 
therapy is seldom used in the aged for obvious reasons. However, when 
the indications present themselves, age alone should not be a deterrent 
factor in the institution of the less radical procedures. We have seen 
several successful instances of artificial pneumothorax in patients well 
advanced in years. In the past year, the treatment was instituted in a 
diabetic woman aged 56 to control repeated haemoptyses. The treat- 
ment was continued for 9 months. On admission her weight was 933 lbs., 
and on discharge 20 months later it was 142 Ibs. At present she weighs 
148 lbs. and is able to do housework. It has been our experience that a 
free pleural space for the induction of pneumothorax can be found in a 
surprising number of elderly individuals, particularly in those who have 
diabetes mellitus. Quite recently we have been able to produce a satis- 
factory pneumothorax in a man 70 years of age who had both diseases. 

Difficult as the problem of diagnosing and treating tuberculosis in the 
aged often proves to be, exceedingly more so is the problem of where to 
treat these patients. It is a subject to which comparatively little atten- 
tion has been paid. Sydenstricker (1) has aptly remarked that, from 
the point of view of tuberculosis, middle and old age constitute a group 
that truly may be said to be a neglected one. There are a number of 
excellent studies proving beyond doubt that the old cougher and spitter 
who harbors a tuberculous process that is quite innocuous to himself is a 
source of infection to others, particularly to infants and children. Aside 
from this major consideration, apparently few realize that the average 
death-rate of tuberculosis for all ages is greatly exceeded by the death- 
rate in the age-groups over fifty years of age. 

Elderly patients with pulmonary tuberculosis seldom seek admission 
tosanatoria. They prefer to stay at home or, when it becomes necessary 
as a result of economic or health conditions, to enter sheltered institutions 
within easy reach of relatives and friends. A distinction should be made 
among those patients between the ones in whom the pulmonary disease 
is of the progressive or of the inactive type. The former, regardless of 
age, should be treated in hospitals devoted to the diagnosis and treatment 
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of pulmonary tuberculosis; the latter need custodial care like other aged 
and infirm individuals. There are few modernly equipped homes for the 
aged where there are no facilities for medical and nursing care when need 
arises. A few have house physicians and specialists who visit the institu- 
tion. There is little to fear that an old man or woman with fibrotic pul- 
monary tuberculosis will infect other inmates. There is sufficient litera- 
ture on the subject of the frequency of tubercle bacilli in the sputum of 
apparently healthy individuals in homes for the aged to warrant the con- 
clusion that patients with inactive pulmonary tuberculosis may be safely 
admitted to such institutions without fear of catastrophic results to the 
other inmates. When it is felt that the individual needs more expert 
care, transfer can be made to a tuberculosis hospital. 

There is no justification from either a medical or a civic point of view to 
hospitalize an individual with fibroid pulmonary tuberculosis for a num- 
ber of years in a hospital devoted to diagnosis, treatment and research. 
It results in considerable hardship to patients with progressive disease 
who are in urgent need for medical attention but who are forced to wait 
months before a bed becomes available. Furthermore, it not infre- 
quently results in loss of interest on the part of the medical attendants. 
Although the problem where to send the aged tuberculous patient for 
whom no facilities are available at home is very likely one of minor im- 
portance in some localities and institutions, it is of major importance in 
others and should enlist the efforts of physicians and social agencies in 
its solution. 
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ELEVEN YEARS’ OBSERVATIONS ON TUBERCULOSIS 
AMONG UNIVERSITY STUDENTS?” 


J. ARTHUR MYERS anp MARJORIE WULFF 


That a very distinct disease problem exists among the students of any 
college or university often is not definitely recognized by the university 
authorities. Until the organization of the Students’ Health Service at 
the University of Minnesota, the tuberculosis problem which existed 
here remained wholly undiscovered. Students who fell ill consulted 
their family physicians if they lived in the Twin Cities, and, if not, they 
cancelled their registration and returned to their homes. No private 
practitioner would see more than a few such cases; therefore, to him, 
there would be no special problem on the campus. Many students who 
cancelled their registration did so on account of illness, and the university 
authorities did not realize that the problem existed. It is only when an 
organization is established where students, who fall ill, can come to one 
centre for diagnosis and where investigations can be carried on as to the 
disease situation among the student body that one is able to get an idea 
of the true disease situation. Students’ Health Services are performing 
a most unusual function in the field of health. Not only do they aid the 
individual student, but they instruct the student body regarding health 
so that many of the graduates of our colleges and universities go out as 
influential citizens with the proper attitude toward the importance of 
health and its maintenance to the individual, the community and the 
nation. In the campaign against tuberculosis, I know of no greater 
potentiality than that which exists in the Students’ Health Services of 
America. 

In the fall of 1920, a special chest clinic was established in the Students’ 
Health Service at the University of Minnesota, where students with 
definite or suspected chest disease could be referred for diagnosis and 


1 From the Department of Preventive Medicine and the Students’ Health Service, Uni- 
versity of Minnesota, and the Lymanhurst School for Tuberculous Children, Minneapolis, 
Minnesota. This study was carried out with the aid of a grant from the Research Fund 
of the University of Minnesota. 

? Presented at the twelfth annual meeting of the American Student Health Association, 
New York City, December 30, 1931. 
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treatment. The existence of such a clinic was announced to the physi- 
cians on the staff and to the student body. In 1925, Myers and Shepard 
reported briefly on the findings of the first four years of this work. The 
next two years were reported by Hanson and Myers, and the following 
two years by Wulff and Myers. In the present paper, which is a brief 
summary of the work of this clinic, we desire to deal primarily with tuber- 
culosis because of the importance of detecting this disease among stu- 
dents before it is too extensive to be treated successfully and because of 
its communicability. We desire to show how we have changed our 
methods of attack from time to time with particular emphasis on that 
procedure which we are now recommending for tuberculosis control in 
high-schools, colleges and universities. 

The first year of this service brought us in contact with some student 
patients who left very lasting impressions upon our minds. We have 
since seen many similar cases, but the first few serious cases left us with 
no doubt as to the need for such a clinic. One of these cases was a fresh- 
man in the medical school, a young woman whose family had been entirely 
free from tuberculosis as far as we could determine. She came to the 
chest clinic one morning because of a frank haemorrhage during the 
night. She had reported to her anatomy class but her professor immedi- 
ately referred her for examination. She had a pulmonary tuberculosis 
in the left upper lobe, and her sputum contained many tubercle bacilli. 
In those days we believed that every case of tuberculosis should be treated 
in an institution. She was the only child in the family and had never 
been away from home over night. Her parents stated that if the sana- 
torium seemed to be the best place for her they would insist that she be 
taken there, but, if there was a possibility of treating her in the home, 
they would prefer to have all of her treatment administered there. We 
filed application for a sanatorium but began rest treatment in the home. 
In due time, she entered the institution but returned home the next day. 
She was a strict bed-patient for many months and was then placed on 
graduated exercise. She later returned to the University but did not 
resume the medical course. She registered in another school, graduated, 
and secured a position which she has held to the present day. 

Another case that reported that fall was a young man who suffered 
excruciating pain in the right lower axilla. 'We made as careful a physical 
examination of his chest as we knew how and applied adhesive tape. A 
few days later signs of pleural effusion were elicited. The X-ray film 
showed evidence of the effusion, and, in addition, there was.a small 
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parenchymal lesion in the right upper lobe. This young man accepted 
sanatorium treatment and after approximately a year was discharged. 
He later graduated from the College of Education and is now a teacher. 

Another young man reported that fall because of severe cough. As 
painstaking a physical examination as was then possible revealed no abnor- 
mal physical signs. We attributed his cough to bronchitis, gave him a 
cough sedative, and advised him to return for further observation. Our 
follow-up system had not been developed, so he did not return for a 
month. Then he had an abundance of rales of the moderately coarse 
variety, persisting after cough, over the left upper lobe.’ He was sent 
in for an X-ray examination which revealed rather extensive tuberculosis. 
He had been in the World War and was entitled to treatment by the 
Government, of which he took advantage. Many times since I have 
tried to get in contact with him but have always failed. Failure to make 
the diagnosis on the first examination, we fear, caused him to lose all 
confidence in the Students’ Health Service chest clinic. However, we 
have learned indirectly that he made a good recovery. 

Inasmuch as approximately 50 per cent of the students at the Uni- 
versity of Minnesota live in or near the Twin Cities, many of them employ 
private family physicians; therefore, not all who have developed chest 
diseases have been examined at the Health Service. We are inclined to 
believe that our report does not show more than half of such conditions, 
which have actually occurred on the campus during this period of eleven 
years. During this period we have had referred to us 2,178 students for 
special chest examinations. The type of case referred has varied from 
time to time. In the beginning of our work this included nearly every- 
one who had a complaint referable to the respiratory tract; for example, 
acute upper respiratory infections and acute bronchitis, as well as the 
more serious conditions. At present for the most part we see those cases 
that have very definite symptoms or chest lesions which have already 
been demonstrated. The total number examined does not include all 
of the work which has been necessary in this clinic. Those who have 
definite abnormal findings often make frequent calls at the clinic. Some 
remain under observation throughout their entire stay in the University. 
For example, a young woman who had a diagnosis of bilateral upper-lobe 
tuberculosis entered the University as a freshman. Her general condi- 
tion was good. She had no cough or expectoration. We advised that 
she lead a very well-regulated life and report frequently for physical 
examination. She remained in the University four years. At the time 
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of her graduation her X-ray film showed a considerable clearing of the 
lesion. This had taken place gradually but definitely throughout her 
stay in the University. We have carried several similar cases through 
to graduation. 

Of the total number examined, we were unable to find any evidence 
of disease in 981. On the records we have undetermined diagnoses in 
113. This group consists for the most part of students who did not return 
for the completion of their examinations. Some of them reported just 
before the end of a quarter and did not return to the University. In 


TABLE 1 


. Negative 

. Diagnosis undetermined 

. Acute upper respiratory infections 
. Bronchial asthma and hay-fever 

. Bronchitis 


. Acute fibrinous pleurisy 

. Pleurisy with effusion 

. Suppurative pleurisy 

. Healed empyema 

. Chronic fibrous pleurisy 

. Pneumonia 

. Chronic lung fibrosis 

. Spontaneous pneumothorax 

. Childhood-type tuberculosis 

. Adult-type tuberculous lesions demonstrated by X-ray 
. Cervical adenitis 

. Tuberculosis of bones and joints 
. Tuberculosis of the soft palate 

. Tuberculosis of the kidneys 

. Tuberculous peritonitis 

. Suspected tuberculosis 


1 
2 
3 
4 
5 
6. 
7 
8 
9 
10 
11 
12 
13 
id 
15 
16 
17 
18 
19 
20 


No 


thirty-three we found nothing more than acute upper-respiratory in- 
fections. Bronchial asthma or hay-fever were diagnosed in 25 students. 
Bronchitis was found in 358, and bronchiectasis in twenty-three. Table 
1 shows that the different forms of pleurisy were seen rather frequently. 

There has been quite a strong tendency in the past to tell patients who 
have evidence of old pleurisy, such as diaphragmatic adhesions, that this 
represents a closed chapter and that the adhesions indicate that good 
healing has resulted from an attack of pleurisy. This is not always safe 
information. The fact that adhesions can be demonstrated by fluoro- 
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scopic or X-ray film examination does not tell us anything more than that 
adhesions are present. We do not know about foci of living bacilli 
located in the vicinity of such adhesions. A good example is that of one 
of our students who had pleurisy with effusion in 1927. In 1928 she 
entered the University of Minnesota. She reacted positively to the 
tuberculin test and X-ray films of her chest showed bilateral diaphragma- 
tic adhesions. When she was ill with pleurisy with effusion, fluid was 
found by physical examination only on the left side. There was nothing 
from the examination in 1928 to indicate that fluid had been present. 
Our observations have convinced us that many persons have pleurisy 
with effusion without ever having the fluid detected; therefore, when ad- 
hesions are found even in the absence of a history of. pleurisy with ef- 
fusion or pneumonia, we must always keep in mind the possibility of 
previous effusion. Since her effusion had been present so recently with 
adhesions that were clearly demonstrable and she gave a strong reaction 
to tuberculin, this student was told that such cases of pleurisy with ef- 
fusion are often due to tuberculosis and that she should keep under ob- 
servation and have an examination of her chest, including X-rays, each 
year, provided her health seemed good. If any symptoms appeared, she 
was advised to report at once for further physical and X-ray examinations. 
Each year she had X-ray films, and no change was seen until April, 1930, 
when in the right second interspace there appeared a very slight infiltra- 
tion. No symptoms were present and the roentgenologist was of the 
opinion that this was of no significance. She continued with her work. In 
the fall of 1931, after returning from her summer vacation, she complained 
of nervousness, loss of weight, insomnia, and other symptoms. Exami- 
nation of her chest revealed a very definite extenson of the disease in the 
right second interspace with the appearance of a minimal lesion in the 
left second interspace. 

Pneumonia was diagnosed seven times in students who reported to 
the clinic. There was one case of chronic lung fibrosis, the aetiology of 
which has not been determined. We saw ten cases with spontaneous 
pneumothorax. Not all of our cases of spontaneous pneumothorax 
have proved to be tuberculous. We will only cite one case that 
later showed definite evidence of disease. In 1923 this young man 
was brought in after having had some of the usual symptoms of 
spontaneous pneumothorax. The left lung was found to be about 
two-thirds collapsed. Although we could not demonstrate the lesion, 
in those days we believed that most all cases of spontaneous pneumothorax 
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are due to tuberculosis; therefore, we advised him to cancel his registra- 
tion and return to his home. He lived near a first-class sanatorium and 
reported to the medical director of that institution for subsequent ex- 
aminations. We did not see him again until 1928. He had reéntered 
the University but had now developed some very definite symptoms 
which we found were due to moderately advanced tuberculosis involving 
the left lung. The question of treatment arose, and, since the right lung 
appeared clear, collapse therapy was considered. Artificial pneumothorax 
was thought to be a very remote possibility because of the previous spon- 
taneous collapse. We assumed that the left pleural cavity had been 
obliterated. Very much to our surprise, however, practically no ad- 
hesions were encountered, and the lung was satisfactorily collapsed. He 
later returned to school, graduated, and secured a position which he has 
since held. 

Our records show a diagnosis of the childhood type of tuberculosis in 
the absence of the adult type in 83 cases. The small number is due to 
the fact that we did not begin making this diagnosis until 1929, and, in- 
asmuch as many of the previous X-ray films had been destroyed, it is 
impossible to determine how often this condition existed when attention 
was not called to it. While we looked upon lime deposits such as those 
found in the lung parenchyma and in the lung hilum as of no significance 
and possibly as beneficial in the earlier years, observation has taught us 
that they may be of considerable significance. We are becoming more 
and more inclined to look upon them as definitely dangerous. Attention 
has been called to the fact that in the early years of this work they were 
usually ignored, rarely even mentioned in X-ray reports. Later, when 
they were mentioned, they were often spoken of as healed tuberculous 
lesions. We feel that no one, regardless of the phase of examination he 
is making, whether it be X-ray, physical examination, or some other 
phase, is able to determine during life when a tuberculous process is 
healed. Only the pathologist who makes a microscopic examination, 
postmortem, has a right to a statement of this kind. 

A striking example is that of a student who was examined at the Health 
Service and was found to have calcium deposits in one hilum. The 
physician called her attention to them, then hastened to inform her that 
they represented old scars or healed lesions and were of no significance. 
In other words, she was given a false sense of security as subsequent 
development proved. Within six weeks of the time she was told that 
her tuberculosis was healed, she was a strict bed-patient with tubercu- 
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lous pleurisy with effusion. Her confidence was shaken, not only in the 
Health Service but in the medical profession. 

Another case is that of a girl who had a Ghon tubercle on the right side 
and calcium deposits in the regional lymph nodes. She was led to believe 
that this represented a closed chapter and that it was there as a protection 
against tuberculosis in the future. After she left college, the adult type 
of tuberculosis made its appearance in the left lung. Obviously, the 
childhood type and the positive tuberculin reaction resulting from it have 
not protected her. She developed a chronic destructive form of tuber- 
culosis, we fear,. because of the previous existence of the childhood type. 
Whether the bacilli causing this adult form of tuberculosis are from 
exogenous or endogenous sources, we do not know. We only know that 
she developed clinical tuberculosis. The disease extended, and she is 
now on artificial-pneumothorax treatment. Therefore, we feel that 
out of fairness to the student he should be informed when calcium de- 
posits are present in his chest, that in the vast majority of cases they 
represent the first infection type of tuberculosis; that while they are not 
making him ill now and may never have done so, a certain percentage, 
we do not know exactly what it is, of such cases later break down with 
the adult type of tuberculosis; and that such breakdowns may come 
at any decade in life. Some go through life and die in senility without 
ever developing the destructive type of tuberculosis. What percentage 
are so fortunate no one knows. Inasmuch as we have no test or method 
of examination which will determine who will later break down with 
clinical disease, we feel that all such cases should be kept under observa- 
tion. We tell them that at least once a year and preferably every six 
months while they seem to be in perfect health they should have X-ray 
film examinations of their chest. If, at any time, they are suffering 
from ill health more frequent chest examinations are indicated. 

Cervical adenitis has been diagnosed in 9 cases, but the aetiology has 
not always been determined at biopsy. Tuberculosis of the bones and 
joints has been found in 4 cases. There was one case of tuberculosis of 
the soft palate, two of tuberculosis of the kidneys, and one of tuberculous 
peritonitis. In 10 cases, tuberculosis was suspected, but as yet definite 
diagnoses have not been made. We have long since discontinued the 
use of the term “peribronchial tuberculosis.” 

The adult type of tuberculous lesion was demonstrated in 357 students. 
In this group, we have seen practically everything from ‘“‘galloping con- 
sumption” to the most chronic and slowly progressive type of case. 
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Whenever we have found progressive pulmonary tuberculous lesions, we 
have, with few exceptions, recommended that the student’s registration 
be cancelled and that he be placed on strict bed-rest. Many such cases, 
have been well taken care of in our wards. At alow cost to the student, 
it has been possible to begin bed-rest very soon after diagnosis is made, 
and later transfer is arranged to his home or an institution, as he prefers. 
If the home conditions are satisfactory and we are assured that he will 
have good medical care, we have had no hesitancy in recommending home 
treatment. Weare firmly convinced that the patient’s family physician, 
in whom he has most confidence, is an extremely important person in the 
control of tuberculosis. Our policy has always been to refer the patient 
back to his family physician. If this physician in turn desires to send 
the patient to an institution, we have always been glad to lend any 
assistance he desires. 

While the tuberculous students are in the wards, if special therapy is 
indicated, such as artificial pneumothorax, it is instituted. In the earlier 
days of our work, we were much more conservative regarding collapse 
therapy. We were under the impression that a long period of observa- 
tion was indicated before such a procedure should be undertaken. We 
could now cite several cases in which we practised this conservatism. 
Later the patients were transferred to sanatoria, and there the staff 
practised similar conservatism, each staff desiring a considerable period 
of observation. During the procrastination, the lesions advanced in 
some cases so that collapse therapy was no longer indicated. Our pres- 
ent policy is to collapse the lung by artificial pneumothorax when we are 
certain that the lesion is progressing and make our observations later. 
This brings the area of disease under control so that usually our patients 
are showing improvement in the general condition before they transfer 
to their homes or to institutions for the tuberculous. Those who have 
transferred to sanatoria have gone to tax-supported or private institutions, 
depending upon financial status, etc. Some have required short periods 
of time on treatment, as short as six to twleve months, and have been 
returned to the University where they have been kept under close obser- 
vation until graduation. Others have required longer periods of time. 

One young man came to our clinic in the fall of 1920 with some very 
definite symptoms of pulmonary tuberculosis. He was sent to a tax- 
supported sanatorium. He later transferred to another. Eight years 
later he was discharged. In the fall of 1930, just ten years to the month 
from the time his disease was diagnosed, he reported to our chest clinic, 
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having reéntered the University. His general condition is quite good, 
and the probability is that he will be able to graduate. Throughout the 
ten years that he was absent we kept in rather close touch with him re- 
garding his condition. This is a much longer period of institutionaliza- 
tion than has been necessary for most of our cases, although several have 
spent years before returning to the University. We are sorry to report 
that some have not recovered. Attention was called to this case else- 
where recently, and the fact was pointed out that a conservative estimate 
of the cost to the state for the patient is $20 a week. The total cost for 
these 416 weeks, therefore, amounts to $8,320, to say nothing of the loss 
of time and opportunity to the individual. 

The following 2 cases were cited in one of our previous reports: A 
young man of twenty-one years reported for an examination of the lungs 
in the spring of 1921 because we had previously found bilateral apical 
tuberculosis in his roommate. His case was more advanced disease 
than that of his roommate. Sanatorium treatment was discussed at 
great length and advised strongly. Being a member of the Modern Wood- 
men of America, he was told that no better treatment could be provided 
him anywhere than in the Woodmen Sanatorium at Woodmen, Colo- 
rado. After a few days he consented to make arrangements through his 
local lodge to go to this institition. We did not see him again until 
slightly more than a year later. A glance at him told us that he had 
become much worse. He was pale, weak and emaciated. He said, “I 
am afraid I have put it off too long.”” Then he stated that instead of 
going to the sanatorium as he had planned, some well-meaning friend had 
convinced him that he would gain faster if he would go to California and 
“rough it.” He now saw how the advice his friend had given him was 
not based upon knowledge of the scientific treatment of tuberculosis, but 
was purely the personal opinion of one who knew nothing of the subject 
and did not even know that he was taking a human life in his hands. On 
the second visit we learned that this patient was an ex-service man and 
that his disability was compensatory. He was referred to the United 
States Veterans’ Bureau, where he received immediate attention. Later 
he was sent to a sanatorium. While there, he wrote us frequently, at 
one time stating that the Veterans’ Bureau had sent him a check for 
more than $1,000.00, since at that time disability compensation was 
retroactive, and that he was receiving his hospitalization in addition to 
a monthly check covering his total disability. Finally he became so 
weak that his letters began to reach us in the handwriting of a fellow 
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patient, and a few months later the chief of the sanatorium medical 
staff notified us of his death. While in the sanatorium, this student had 
treatment which could have been excelled in no other institution, yet his 
disease had become so advanced and so much lung tissue had been des- 
troyed that no treatment could restore him to health or even maintain 
life. As much as we shall always regret the loss of this young life, we 
feel that it might have been continued save for the advice of a well- 
meaning friend which resulted in postponement of scientific medical 
treatment. The letters that we received from him contained much good 
advice which he desired to have transmitted to other patients in order 
that they might profit by his mistakes. 

A student in our medical school came to us in the spring of 1924 with 
a high fever and other suspicious symptoms. He gave a history of hav- 
ing lost his only brother from acute tuberculosis a few months before. 
The history revealed also that he had been losing in weight and strength 
for a few weeks. Prior to this time, when he was apparently in good 
health, he had acted as donor for blood-transfusions a number of times. 
On his first visit he was made a strict bed-patient because of symptoms. 
The examination revealed a massive tuberculosis of the left lung which 
progressed with extreme rapidity. In addition to the tuberculous proc- 
ess, he developed a virulent streptococcic infection, resulting in bloody 
fluid in the left pleural cavity. Small amounts of his fluid were removed 
and replaced with air but with no apparent effect upon the progress of 
his disease. He died in the course of a few weeks. Three days before 
death, tubercle bacilli were found in the blood-stream. We feel, as do 
many of his class-mates, that the blood transfusion should not have been 
given, particularly just after exposure to his brother with acute pulmo- 
nary tuberculosis, and while his school work was demanding so much of 
his time in addition to contributing to his support by outside work. 
Moreover, because of his slight loss of weight, weakness and temperature 
elevation, he should have come in for examination earlier. 

On several occasions we have been able to trace tuberculosis in a stu- 
dent to a roommate who suffered from undiagnosed tuberculosis in an 
advanced stage. A good example is that of a young man who, to the 
surprise of his family, was found to have rather extensive tuberculosis 
with tubercle bacilli in the sputum. There had never been a known case 
of tuberculosis in the entire family. On investigation we found that this 
boy, during the previous year, had shared a room with another student 
who appeared to be in good health. In February of that year, this room- 
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mate had gone to the office of a private physician who had found tubercle 
bacilli in his sputum and made a diagnosis of far-advanced tuberculosis. 
The physician recommended that treatment be instituted at once. This 
student did not tell the physician that he was enrolled in the University 
of Minnesota but gave his home address which was a small city some 
distance away. The student left the impression that he had come from 
his home that day for the examination and was to return there immedi- 
ately and would place himself under the care of his family physician. 
We later learned that, instead of returning to his home city, he continued 
his work in the University of Minnesota until the school year ended in 
June, all the time rooming with the boy whose family gave no history 
of tuberculosis. After the school year ended in June, this student 
went to California as a hopelessly advanced case of tuberculosis. 
The next year he died, only a few weeks after the exposed student’s 
tuberculosis was diagnosed. 

We have seen similar happenings several times in eleven years, and 
this fact has led us to feel that colleges and universities have a great re- 
sponsibility in the protection of students against exposure to tuberculosis. 
A case of moderately or far-advanced tuberculosis, expectorating tuber- 
cle bacilli, should not be permitted to remain on a campus, and most cer- 
tainly should not be placed in a position to spread disease to a roommate. 
Our methods of diagnosis are now sufficiently accurate that all such cases 
can be detected and such situations as just cited should be prevented. 

A few years of observation were necessary for us to become cognizant 
of the fact that such unsuspected cases of tuberculosis were spreading 
tubercle bacilli about the campus. While in the beginning of our work 
we were aware of the fact that every case of tuberculosis comes from an- 
other, yet we were still laboring under the belief that most cases received 
their infection in childhood and at some later time, because of overwork, 
et cetera, the disease became reactivated. Therefore, we did not seek 
the source of exposure in all cases, as we should have done. One case 
in which we did make a feeble attempt to establish the source of exposure 
was that of a girl who came to our clinic in 1922. She reported because 
she wanted excuses for absence from class. The physician who saw her 
learned that she had been coughing. She had attributed this to a cold 
and had remained away from class-work for a few days. The history 
sounded a little suspicious; so, before granting the excuse, this physician 
requested a sputum examination. This revealed an abundance of tu- 
bercle bacilli. The girl was found to have advanced tuberculosis. One 
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of her sisters, a nurse, manifested great interest. Upon being asked 
whether there had been tuberculosis in the family, the nurse replied that 
there was none to her knowledge but that the family had bought milk 
from a man who had only two cows, one of which had gradually become 
emaciated and died of what the members of the community believed 
to be tuberculosis. This, the sister thought, may have been the source 
of the disease. 

This student was sent to a private sanatorium. She responded well 
to treatment, and, in due time, enrolled in a school of nursing in that 
sanatorium. Later she was married. In 1930, following an exacerba- 
tion, she was extremely ill. At the same time her mother was very ill at 
home of suspected pneumonia. One week after the daughter died, one 
of us was called in consultation to see the mother. Her physicians had 
a series of X-ray films, which showed in the beginning shadows which 
apparently were caused by pneumonia. As resolution occurred, however, 
there remained in the picture evidence of old tuberculous disease. Mul- 
tiple cavities were present. Tubercle bacilli were later detected. Her 
physicians felt that this was probably the source of the disease which had 
been treated as “stomach trouble” for ten years and had caused the death 
of the daughter before the source was detected. More careful inquiry 
regarding the source at the time the daughter was first found to have 
tuberculosis might have revealed the disease in the chest of the mother, 
when perhaps it could have been treated more effectively than ten years 
later. 

As time passed, reports in the literature and our own experiences led 
us to respect more and more the evidence obtainable from X-ray films. 
We finally reached the stage in 1926 or 1927 when we would not render 
a diagnosis without them. We had diagnosed some cases tuberculous 
which proved to be entirely free from tuberculosis. On the other hand, 
we had missed a number of cases with clinical tuberculosis. Such ex- 
periences as these led us to feel that the X-ray film must be used in every 
case. It is true that not every student referred to the chest clinic has 
been X-rayed. Some have refused it, and some have neglected it; but 
it is also true that such students have not received diagnoses from us. 

In the early days of our work we had no special organization for finding 
tuberculosis in the student body. We were so confident that clinical 
cases of tuberculosis would all present symptoms as early manifestations 
that we thought it was safe to wait until symptoms appeared. In other 
words, we believed that if the student body could be taught about the 
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symptoms of tuberculosis, we would reach a point where nearly every 
student suffering from such symptoms as fatigue, cough, chest pain, 
loss of weight, and pulmonary haemorrhage would come in for examina- 
tion. Statistics showed that many cases had advanced disease when they 
reported, but still we insisted that they must have had milder symptoms 
when the disease was incipient (as we then called the first stage), which 
they ignored. All that seemed necessary was further education. We 
had not then had an opportunity to observe the chests of:the same indi- 
viduals over years and see lesions appear and progress to massive propor- 
tions without the individual suffering a single symptom. 

We also had a tremendous confidence in physical examination: so 
much, in fact, that we believed that, if clinical disease were present, 
there would be abnormal physical signs to elicit. When we failed to 
elicit them and were later shown that the patient had clinical disease, 
we attributed the failure to our inability to make first-class physical 
examinations. We were not then aware of the fact that the world’s 
best diagnosticians were failing to elicit signs in many cases of tuber- 
culosis. Attention had been called by some, such as Trudeau, to their 
inability to detect disease by physical signs. However, the physical 
examination was not generally known as being unreliable. 

The tuberculin test was practically never used in our clinic during 
the first few years of its existence. We were laboring under the impression 
that in early adult life nearly everyone would react positively to this test, 
although Veeder and Johnson had called attention to the low incidence 
of reactors among St. Louis school-children four years before. We have 
no doubt that, if tuberculin tests had been used routinely in those days, 
we would have found a high percentage of positive reactors, since less 
attention had been paid to the prevention of spread of tubercle bacilli 
from human sources and very little work had been done by the veterina- 
rians in the control of tuberculosis among animals, although in places 
pasteurization of milk was in effect. Nevertheless, we feel that even in 
1920 the number of positive reactors to tuberculin was not 100 per cent 
and that even then the intracutaneous tuberculin test would have been 
of great value in diagnosis. 

Tuberculin testing was throwing much light on the prevalence of tuber- 
culous infection in a number of places. Slater had published his splendid 
article, showing that only approximately 11 per cent of the school children 
in southwestern Minnesota reacted positively to the tuberculin test. 
While no one doubted that in certain parts of the country the incidence 
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of tuberculous infection was still high, perhaps close to 100 per cent in 
early adult life, the fact was apparent that there are other parts of the 
country where the incidence of infection is extremely low. Therefore, 
we were curious to know what percentage of entering students at the 
University of Minnesota would react positively to the tuberculin test. 
The Director of the Students’ Health Service, Dr. H. S. Diehl, and the 
Assistant Director, Dr. H. D. Lees, gave permission. Both manifested 
a great interest in the administration and interpretation of these tests, 
first applied in the fall of 1928. Somewhat to our surprise only approxi- 
mately one in three of the students reacted positively to the test. Since 
1928, the tuberculin testing of entering students has been a routine meas- 
ure, and each year the percentage of positive reactors has been approxi- 
mately thirty-three. 

This was a very encouraging fact. It convinced us that the antituber- 
culosis measures practised in the past were bearing fruit. In other words, 
approximately two in three of the girls and boys entering the University 
of Minnesota had been protected against exposure to tubercle bacilli in 
sufficient dosage to render them allergic. After all, this is what we should 
have been expecting for some time with a program of isolation and edu- 
cation of advanced cases of tuberculosis who would otherwise spread 
tubercle bacilli and with a program working toward the eradication of 
tuberculosis among animals which has already reduced the incidence of 
reactors among cattle from 7 per cent to approximately 0.28 of 1 per 
cent in 56 of our 87 counties. If education and isolation can continue 
for another ten years and the good work of the veterinarians still further 
reduce the incidence of infection among animals, one may safely antici- 
pate a much lower incidence of tuberculin reactors among the entering 
freshmen at the beginning of the next decade. 

The X-ray film was looked upon as somewhat of a luxury to be recom- 
mended only when symptoms and abnormal physical signs were present. 
When, in the early years of our work, we would hand a student a requisi- 
tion for X-ray examination of the chest, he would often exclaim, “There 
must be something terribly wrong in my chest if it is necessary to use 
X-rays.’ We were not aware of the fact that the X-ray film is a much 
finer chest-disease screen than symptoms and physical signs. The 
studies of such men as Rathbun convinced us of this fact. 

We first began in 1928 by applying the tuberculin test to the entering 
class each year. This was a step in advance, but we know that it was 
not sufficient. It did, however, result in a good many students having 
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X-ray films made at their own expense, but those who were not much 
interested in health and even some who knew that they had tuberculous 
lesions remained away from the X-ray department as long as possible. 
The question of routine X-ray films for all positive tuberculin reactors 
was frequently discussed. Since funds were not available for all schools, 
this work was begun in a small way with the hope that it might be ex- 
tended. In 1929, X-ray films were made of students entering the School 
of Medicine and the School of Nursing. Every year a new film was made 
for each student for comparative purposes, so that in the fall of 1931 we 
had X-ray films on the juniors, sophomores, and freshmen. In another 
year all the students in these two professional schools will have films. 
The senior students will have been X-rayed at least four times, and 
many more if any suspicion has arisen concerning the chest. 

Inasmuch as tuberculosis has been looked upon as a professional dis- 
ease in some nations for more than a century and since excellent inves- 
tigations by such workers as Heimbeck, Geer, Opie, McPhedran and 
others have shown the alarming prevalence among students and also 
recent graduates of nursing and medicine, we feel that every institution 
owes the students in these professional schools the very best diagnostic 
measures available at least every year. Our work in these professional 
schools has made it possible for us to make observations and to arrive 
at early diagnoses of tuberculosis in the strict sense of the word. When 
these students enter as freshmen approximately two-thirds of them react 
negatively to the tuberculin test. As we repeat this test from time to 
time, we find those who become positive reactors. We feel quite certain 
that they have developed foci of tuberculosis just before or since the last 
test was applied. Such a case is seen in figure 1. This is the chest of 
a senior medical student who had been negative to the tuberculin test 
until he entered a tuberculosis service. Soon after this he reacted 
positively. The X-ray film was then negative, but, approximately a 
month later, a small but definite parenchymal lesion was visualized in 
the X-ray film (figure 1). This lesion was present all the time the 
tuberculin test was positive, but it had not caused sufficient change in 
the tissues to cast a shadow on the X-ray film. Therefore, the tuberculin 
test was the first possible indication that this boy had tuberculosis. 
As the lesion increased in size, the X-ray film gave us the second evidence 
of disease. A little later there was some pain in the right side of his 
chest, which in his case was the third evidence of disease. In other 
words, symptoms were third in importance. Special X-ray examination 
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showed a small amount of fluid (figure 2). The physical signs were still 
negative. As the fluid increased in amount the physical signs became 
positive as the fourth evidence of disease. 

Through the University of Minnesota Health Service chest clinic and 
the Lymanhurst School for Tuberculous Children, we have observed the 


Fic. 1. Made from an X-ray film of a chest taken on April 20, 1931. Shows a small area 
of parenchymal disease in the right second interspace. This senior medical student had been 
negative to the tuberculin test since he entered the University. The last negative test was 
in January, 1931. About that time and again in March he was exposed to many tuberculosis 
patients. About the middle of March he reacted positively to the tuberculin test. Later, 
April 20, 1931, the parenchymal lesion was visualized. 


above situation so many times in the past eleven years that we feel it 
can be duplicated in practically any elementary school, high-school, 
college or university in this country, except perhaps in those colleges and 
universities located in centres where well-nigh 100 per cent of the girls 
and boys have been infected by the time they reach college age. Another 
great advantage, perhaps greater than the making of such an early 
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diagnosis, is that we know the patient has been exposed recently. 
In other words, the tracing of the source of exposure is not so diffi- 
cult. Usually the source is found among the close associates of 
the student. In the schools of nursing and medicine, it is often 
possible to trace the source to the very patient in a general hos- 
pital or to the special tuberculosis service. There is little doubt that 


Fic. 2. Made from an X-ray film taken June 9, 1931, of the same chest as seen in fig. 1. 
Special technique brings out very distinctly the pleural effusion on the right side. 


such situations are much more prevalent among students in schools 
of nursing and medicine but that some also occur in other schools 
where students have been exposed to known or even unsuspected sources 
of tubercle bacilli. Therefore, the logical procedure for controlling tuber- 
culosis in any college or university is to apply the tuberculin test to all 
students, then seek the foci in the bodies of those who react positively 
by physical and X-ray examinations. Among them will be found some 
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whose foci have caused clinical disease. Although they may not be ill, 
they may still be spreaders of tubercle bacilli to their associates. Such 
cases should immediately be removed from the campus and placed on 
treatment as indicated. There will be students who have demonstrable 
foci which have not broken down and who under well-regulated living 
may be carried through to graduation, even in better condition than 
when they entered schools of higher learning. There will be those whose 
foci cannot be demonstrated; nevertheless, we feel certain that if the 
tuberculin test is definitely positive, the foci are existing, either so small 
that they cannot be demonstrated or in some part of the body which 
does not lend itself to phases of the examination which will detect them. 

In many colleges and universities of this country the negative reactors 
to tuberculin will constitute a larger group than the positive reactors. 
Some of them will be exposed to tuberculosis and will develop tuberculous 
foci during their years in college. Therefore, they should have their 
tuberculin tests repeated at least every six months in order that diagnoses 
may be made early in the strict sense of the word and responsible sources 
traced as early as possible. Where funds are limited, it is not possible to 
apply the tuberculin test and make X-ray films of all the positive reactors 
of the entire student body. A procedure that will ultimately be satis- 


factory is to begin to apply the test to all entering students and examine 
by X-ray the chests of those who react positively. Repeat the tests of 
the negative reactors every six months and make X-ray films of the 
chests of those who have become positive. By this method in four years 
one has a working knowedge of the tuberculosis situation in any student 
body. 


THE DETECTION OF PULMONARY TUBERCULOSIS IN 
3,000 STUDENTS ENTERING YALE UNIVERSITY!? 


WILLARD B. SOPER anp JULIUS L. WILSON 


During the last fifteen years the conviction has steadily gained ground 
that current methods of attack against tuberculosis are lacking in their 
ability to detect the early case of pulmonary tuberculosis. Far too 
often pathological changes are moderately or far advanced when first 
discovered, or the symptoms are too few to cause the patient to consult 
a physician when the disease is still in an early stage. 

It was natural that the fundamental concept of the tuberculosis dis- 
pensary as laid down by Sir Robert Philip and by Calmette forty years 
ago (new cases to be sought in the environment of known cases) should 
receive increasing impetus as the tuberculin test and the X-ray examina- 
tion afforded increasingly exact methods of detection. The wonder is 
that progress has been so delayed. How many institutions to-day, 
harboring open cases of pulmonary tuberculosis, make a really serious 
effort to ferret out early infection among those known to have been ex- 
posed to their patients? Where this course has been seriously pur- 
sued and where routine X-ray studies have been made, the answer as to 
why so few clinical cases are detected in an early stage has seemingly been 
found. Tuberculin testing and X-ray examination indicate that rela- 
tively frequently there lies smoldering more or less extensive pathological 
involvement, merely awaiting the proper conditions to burst forth 
full-blown. 

The Framingham experience taught its lessons. Rathbun’s contri- 
bution was invaluable, and there have followed the Massachusetts study, 
the work of the Minnesota group, and the Philadelphia studies, to men- 
tion only the most far-reaching. They all indicate that a technique is 
at hand for finding tuberculosis in a really early stage and before the 
manifestations of clinical activity. 


1 From the Yale University Department of Health and the Yale School of Medicine, New 


Haven, Connecticut. 
2 Presented at a session of the Clinical Section at the twenty-eighth annual meeting of the 
National Tuberculosis Association, Colorado Springs, Colorado, June, 1932. 
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METHOD OF FIRST sTUDY: 1930-1931 


The work at New Haven was delayed until new quarters for the De- 
partment of University Health and its new X-ray equipment should be 
provided. It was finally begun with the opening of the college year 
in September, 1930. The whole group of entering students, 1,644 in all, 
approximately equally divided between undergraduate freshmen and the 
graduate students of all departments, underwent a routine roentgeno- 
graphic examination with stereoscopic films. At the same time the 
previously employed routine general physical examinations were con- 
tinued by carefully selected men, several of them not many years removed 
from their interneships, but all fairly experienced in lung diagnosis. 

The roentgenograms were made almost throughout the college year 
before being finally completed. The films were always interpreted by 
the writers, often with the assistance of a third or fourth associate. They 
became of absorbing interest as morbid changes were found with nothing 
in the student’s history or physical appearance to harmonize. This 
experience, of course, made it necessary for one of us to personally review 
the student in the light of his X-ray disclosures. 

In interpreting the films we found difficulty in their classification and 
arbitrarily have used the following terminology: 


1. Calcification of tracheobronchial lymph nodes. The term Jarge is used to 
express one or more shadows, 1 cm. in diameter (or larger), or several smaller 
shadows estimated to total 1 cm. in diameter or more. The term small ex- 
presses deposits smaller in size. 

2. Apical tuberculosis, latent or active. 

3. Subapical tuberculosis, latent or active. To express infiltration extending 


below the clavicle. 
4, Multiple calcification. To indicate fairly numerous calcified nodules in 


the lung parenchyma. 


It is obvious that combinations of the above pathological processes are 


frequently encountered. 
Table 1 shows the roentgenographic results in this group. There are 
included the number of students examined from each department and 


their average age. 


METHOD OF SECOND sTUDY: 1931-1932 


In the second year greater economy was demanded. The findings of 
the first year were deemed of value sufficient not only to warrant a con- 
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tinuation of the work but to practically necessitate it. A less costly 
method was sought and the following plan was carried out: 


1: All students were first tested with tuberculin by the intracutaneous test 
and nonreactors eliminated as presumably not requiring further study. 

2: ‘All positive reactors were next examined by fluoroscopy. Of those in whom 
the examiner found the slightest suspicious shadow, stereoscopic roentgeno- 
grams were made. Those without any suspicious shadow were eliminated. 


TABLE 1 
Entering class, 1930: roentgenographic findings 


ADULT TYPE CHILDHOOD TYPE 


Multiple ronchial lymp 
calcifica- nodes 

tions 
DEPARTMENT 


age 


Apical 


Undergraduates. 
Graduates 


Graduate 
School 
Forestry 
Divinity 
Medical 


1 


* Entire enrollment of School of Nursing. 


In order to determine whether any significant pathological change was missed 
by fluoroscopy, stereoscopic films were made routinely of the first 300 students 
fluoroscoped, regardless of the findings by the latter form of examination. 

The intracutaneous test was employed and the interpretations made accord- 
ing to the classification of Aronson in the booklet Childhood Type of Tubercu- 
losis issued by the National Tuberculosis Association. ‘The tuberculin used 
was Old Tuberculin (O.T.) obtained from the Saranac Lake Laboratory. Dilu- 
tions were made with physiological saline solution in amounts to last about 
two weeks. On the basis of Aronson’s experience, reported at Syracuse last 
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Total 
2 
yrs. mos. 

849118 2 | 29)3.4! 73] 8.6|102/12.0 
795 | 24 10 2 |23 |3.1) 2 | 47/6.3/ 80/10.71127|16.9 
Nursing.....| 105*} 22 | 1110.7] 16/15.6 
Law......... 92123 | 3]3.3] 8] 8.7] 11/12.0 
Music........ 44]}21 [2.3] 0 | 010.0] 613.6] 6]13.6 
Art.........} 128] 23 [3.9] | 86.3] 13|10.1| 21/16.4 
....| 235127 714/0]4]0]8 [3.4] 2 | 20/8.5| 22] 9.4] 42/17.9 
122] 28 © | 10/8.2} 16]13.4] 26]21.3 
4 44/23 244.5 

1 Total......|1,644 17 2 |30 |1.8} 4 | 76/4.8/153] 9.6|229|14.4 
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spring, the dilution of 0.1 mgm. was dispensed with. Those not reacting 
to 0.01 mgm. were next and finally tested with 1 mgm. The tests were per- 
formed and read by a specially trained nurse. There were only 3 four-plus 
reactions to 1.0 mgm. None ulcerated. 

The fluoroscopic examinations were made by the first assistant in the X-ray 
department of the New Haven Hospital, a well qualified man. 


We, like many others, were much interested to know whether fluoros- 
copy may be relied upon to detect all minimal pathological processes, 
at least those of a degree to be at all threatening. Among the 300 sets 
of films taken as a check upon the fluoroscopic examination there were 
four pairs of films in which frank minimal lesions were not disclosed by 
the fluoroscope. The densities thus escaping detection were those of 
slight degree in the outer first and second interspaces, or above the clavicle. 
It is our feeling that involvement of slight degree at these points may well 
be overlooked. Whether the discrepancy between the number of mani- 
fest cases disclosed the second year as compared with the first is due to 
the missing of certain cases by the fluoroscope cannot be determined. 
We are, however, distrustful of the fluoroscopic method and have de- 
cided to abandon it next year. Instead, either the new paper positive 
or a single film will be employed after screening with tuberculin. Stereo- 
scopic films will then be taken when the single paper or film leaves one 
in doubt. 

It was rather anticipated that there would be refusals on the part of a 
fair number of students to submit to the tuberculin test, inasmuch as 
the whole idea was new among the group. However, very little difficulty 
was encountered in this regard. Most students submitted with only a 
slight questioning or none at all. When one refused the test he was in- 
formed by the nurse that the matter was out of her hands and that he 
should discuss it with the director of the department. This measure 
usually sufficed. The occasional objector either consented rather than 
to take further trouble or he was convinced by the director of the interest 
and value of the procedure. There finally remained six who refused. 
They were not forced to take the test but were examined roentgenologically 
as though known to react positively. 

The first tuberculin test was always performed as one of the several 
routine examinations undergone by every entering student during one 
allotted hour. If the second test were necessary the student was given 
an appointment time which, from a knowledge of his schedule of work, 
was known to be free. The same method of appointment was employed 
for X-ray examinations. 
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TABLE 2 
Entering class, 1931: tuberculin tests 


POSITIVE NEGATIVE 
AVERAGE 


DEPARTMENT AGE 


Number |Per cent}Number |Per cent 


yrs. mos. 


Undergraduates 838 | 18 8 a 46.5 
Transfers 26 34.6 
Graduates 638 | 24 32.3 
Nursing | 23 
64 | 24 
28 | 23 
133 | 22 
82 | 27 
36 | 20 
243 | 26 
52t | 23 


42.2 
39.3 
38.3 
31.7 
30.6 
28.0 
23.1 


1,502§ 40.3 


* Nurses not tested at University Health Department. 

+t Members of the three upper classes of Medical School also tested: 119. 112, or 94.1 per 
cent positive and 7, or 5.9 per cent negative. 

§ Total tests completed: 1,621, of which 45.2 per cent were positive to 0.01 mgm. O. T. 
and 17 per cent were positive to 1.0mgm.0O.T. Total: 62.2 per cent positive reactors. 


TABLE 3 
Entering class, 1931: roentgenographic findings by combined method 


ADULT TYPE 


AVERAGE 
DEPARTMENT Apical Subapical Total 


Latent | Active | Latent | Active |Number|Per cent 


dS 


Undergraduates 838 
Graduates 670 


© 


wn 
© 
wn 
— 
bo 


32* 
133 
36 
28 
64 
Divinity 82 
Graduate School 243 
Medical 52* 


WANE 


oo 


wW 


1,508 


* All School of Nursing and School of Medicine entering students were examined by roent- 
genograms regardless of result of tuberculin test. 
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Table 2 shows the results of the tuberculin tests as performed during 
the year 1931-1932. 

Table 3 gives the roentgenographic results for those students entering 
the University in 1931 who were not eliminated by the tuberculin test 
and the fluoroscopic examination. There are included, however, the 
roentgenographic results of the first 300 reacting positively to tuberculin, 
who, as stated above, were routinely roentgenographed regardless of 
the findings by fluoroscopy. 

It is interesting to note that, of the students reacting positively to 
tuberculin and ‘then fluoroscoped, an average of one in five was recom- 
mended for roentgenograms. 


DISPARITY BETWEEN HISTORY AND PHYSICAL EXAMINATION ON THE ONE 
HAND AND X-RAY EXAMINATION ON THE OTHER 


The above disparity, as in the experience of others, was very striking. 
There is used at Yale a history-card in the form of a series of questions 
answered in writing by the student himself. In addition, all undergradu- 
ate freshmen bring with them a form filled out by the family or former 
school physician and designed to furnish important facts as to common 
diseases, including tuberculosis, both in the family history and the stu- 
dent’s past. Obviously such a record does not always give all the in- 
formation to be elicited by a trained physician. In an occasional instance 
the student was found to have deliberately withheld the fact of a previous 
diagnosis of tuberculosis. Or again he had no realization of the meaning 
of previous conditions: for example, one student had been treated for a 
spontaneous pneumothorax during a period of six months without having 
been informed that he had anything except a “little break of the lung.” 
Occasionally closer questioning by one of us, in the light of the films, 
brought out presumptive evidence of earlier periods of disease activity, 
but not often. 

The group showing calcium in the hilum in both large and small amounts 
comprised so many students that they for the most part have not been 
especially checked by us. The time available would simply not permit. 
We have, however, physically examined once or more often all cases 
showing pathological involvement that was regarded as potentially 
dangerous. Perhaps influenced by the films, we were always able to 
elicit more or less dulness over the lesion. 

To our surprise we were able to elicit rales in only 5 cases, in two of 
whom the disease was active when first seen. The three nonactive cases 
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presenting rales may or may not have shown them when routinely ex- 
amined. In only five of the several cases with rather extensive involve- 
ment were the signs such as to arouse the suspicion of the original ex- 
aminer. This is not a reflection on the staff, as we were able to satisfy 


ourselves. 
Table 5 is very interesting as indicating to what extent the ordinary 
routine history and physical examination by competent examiners fail 


TABLE 4 
Comparative results of the two methods used in case-finding 


LATENT ACTIVE TOTAL 


NUMBER 
EXAMINED 


Apical Subapical Apical Subapical | Number Per cent 


30 
13 


1.8 
0.9 


1930-1931 
1931-1932 


1,644 17 10 1 2 
1,508 5 7 1 0 


TABLE 5 
Ten-year experience in finding tuberculosis by routine history and physical examination alone 


NUMBER OF CASES 


ON ROUTINE 
EXAMINATION 
AND 
FOLLOW-UP 


AFTER 
ROUTINE 
EXAMINATION 


BEFORE 


ROUTINE, ON 


CONSULTA- 
TION 


ELAPSED TIME IN 
MONTHS AFTER 
EXAMINATION 

WHEN DIAGNOSIS 

WAS MADE 


38 pulmonary 


10 


27 


344455 


10-4-12-9-1 
11-7-4-14-11 
5—1-11-6-13 
2-5-16-9-8 


1 miliary 
3 adenitis 


1 meningitis 
1 epididymitis 
1 tenosynovitis 


to reveal the presence of pulmonary tuberculosis. During the decade 
1922 to 1932 there were 38 students who were removed from the Univer- 
sity on account of pulmonary tuberculosis, not including pleurisy with 
effusion. Of this number, ten were detected by the routine procedure 
without the routine X-ray examination; one developed active disease 
before being routinely examined; twenty-seven passed the routine physi- 
cal examination unsuspected and subsequently broke down after one to 


En 
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sixteen months. The diagnoses of extrapulmonary tuberculosis were 
usually made on the routine examination. These figures show strikingly 
the limitations of the ordinary physical examination in anticipating 
clinical pulmonary disease. 


INFLUENCE OF AGE ON INFECTION 


Our experience in respect to the influence of the age-factor on both 
infection and pathological change harmonizes with that of others. This 
is brought out by the analysis of the results according to departments 
and average age of the different groups. (Tables 1, 2 and 3.) The 
freshmen in the college (undergraduates) make up approximately one- 
half of the whole group studied. Their age, speaking generally, is at 
least four years less than that of the graduate students. The figures as 
to both positive tuberculin results and X-ray evidence of infection are 
strikingly lower in this younger group; also the amount of their paren- 
chymal involvement, when present, is notably less. 


PROCEDURE, BEFORE AND AFTER GRADUATION, WHEN PATHOLOGICAL 
INVOLVEMENT IS DISCLOSED 


Here we are upon difficult ground in many instances and can give only 


our personal point of view. The several groups must be considered 
separately: 


1: Cases presenting small deposits of calcium. These may in most instances 
be disregarded. If the history and routine physical examination do not give 
cause for anxiety, and such is usually the case, nothing need be done. 


2: Cases presenting large deposits of calcium. Here we often find strand shad- 
ows unduly pronounced and strongly suggesting fibrous changes which are 
suspected of being the residuum of childhood types of tuberculosis. On the 
other hand, there is no frank evidence of parenchymal disease except perhaps 
in the form of calcium deposits. Infection has the appearance of being burned 
out; but of this one cannot be certain. So far as Yale University is concerned 
there is not sufficient medical personnel to give this group constant close su- 
pervision, but, when the history and routine physical examination indicate an 
unsatisfactory condition, the student is kept from competitive athletics and 
advised as to avoidance of strain. However, there are some very active stu- 
dents who present undue calcification and the question as to whether a good 
athlete should be obliged to sacrifice perhaps his greatest interest becomes a 
serious one. In our opinion one cannot generalize. Each student must be 
considered individually. An occasional case of this sort may develop active 
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disease if not controlled, but do we know enough as to this particular age- 
group to inflict disappointment and perhaps suffering upon them all for the 
protection of the exceptional one? It seems to us that only a fairly prolonged 
observation during and after the University experience will answer this 
question. 


3: Cases with healed apical processes. The majority of these students are in 
reasonably good health and presumably, in most instances at least, the dis- 
ease has lain inactive and unsuspected for a relatively long period. They are 
handled as are similar cases discovered in X-ray examinations of adult con- 
tacts. If the physical condition is satisfactory, annual examination and X-ray 
films with a little advice as to the necessity of reporting in the event of any 
pulmonary ailment would seem to suffice. If the condition is not satisfactory 
closer observation is indicated. 


4: Cases with manifest but apparently inactive parenchymal disease more exten- 
sive than apical. Here the pathological involvement varies considerably in 
extent, but even in the absence of symptoms and rales one derives usually a 
definite impression as to whether the disease is essentially healed- or whether 
smoldering dangerously. It is evident that the degree of observation must 
fit the individual case. The problem is again not unlike that presented when 
similar findings occur in the X-ray examination of adults known to have been 
in contact with open tuberculosis. 


In this last group probably the greatest good can be accomplished. 
It is our belief that the major number of students developing clinical 
tuberculosis will, after further study, be found to have come from this 
group. Even in the brief space of two years we have felt that certain 
of these students have, by timely advice, been definitely spared an out- 
break of manifest disease; but they must be constantly under close super- 
vision with frequent X-ray examinations if the advantage is to be held. 

Very little space need be given to the necessity of frequent examination 
of the sputum when present and the obvious removal of the student 
should he become clinically active or a source of infection to others. 

It is very apparent that to allow a student of this group to drop from 
sight on graduation would be not only wasteful but unfair to the student 
himself. Our present method is to communicate our findings to the 
family physician and through him to the parents while the student is 
still in the University, thus obtaining their codperation. When the time 
comes for the student to quit the University he should understand the 
state of affairs and be advised as to occupation and activity. Also, 
when there is no family physician he will be referred to some competent 
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doctor in the community to which he goes, and to his new adviser will be 
sent the findings. In addition, it is hoped that confidence and sympathy 
on the part of the student will have been so developed that he will volun- 
tarily keep the University Department of Health advised as to his 
condition. Thus should be gained a better knowledge of what is to be 
expected from the different types of pathological process. 

The reader, who by experience appreciates the effort involved in prop- 
erly managing even a single case of pulmonary tuberculosis, active or 
inactive, will understand that a great deal of time and special training on 
the part of the personnel responsible will be required to even approximate 
the ideal of a university tuberculosis program. One might say that X-ray 
findings are only the beginning. For a university of small or large en- 
rollment one can, from the figures of others and our own, obtain an ap- 
proximate idea of what tuberculosis is present in a student body and in 
what forms. In an institution of any size there should be what amounts 
to a tuberculosis clinic presided over by a physician who is deeply in- 
terested in the problem of tuberculosis and who has the experience and 
special training necessary to guide wisely. 


COST OF ROENTGENOLOGICAL AND TUBERCULIN EXAMINATIONS 


These figures are included, not as applying under all circumstances, 
but to serve perhaps as a basis on which others may compute the expense 
involved in similar studies of groups. 


1930-1931 
Investment 
Professional equipment 
Office furniture 


$5 ,467 .38 


Cost of the Work 1930-1931 1931-1932 
Films (routine chests only) @ $.75 per 
$2,612.25 (inc. 74% $563.76 (inc. 2% loss) 
loss) @ $.648 per film 

Supplies 294.16 346.60 
Depreciation (20% on $5,467 .38) 1,093.48 1,093.48 
Depreciation (50% on $536).......... 268 .00 268 .00 
Interest (5% on $6,003.38) 300.17 300.17 
Salaries 2,800.00 3,150.00 
Clerical 500.00 1,000.00 


$7 ,868 .06 $6,722.01 


| 
IRE $5 ,446.28 
$6,003.38 
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SUMMARY 


1. Pulmonary tuberculosis of manifest degree in young adults is sur- 
prisingly often demonstrable by routine roentgenograms. 

2. History taking and ordinary physical examination very often fail 
to disclose manifest tuberculous processes. 

3. Tuberculin testing and roentgenograms indicate that both infection 
and degree of pathological involvement increase with age. 

4. Fluoroscopy will detect pathological changes very frequently, but 
in our opinion will fail to detect them in some instances. . Its occasional 
failure arouses distrust. 

5. Routine roentgenograms of the lungs of college and university stu- 
dents reveal so much tuberculous involvement, unsuspected by other 
methods of examination, that roentgenograms or some equally effective 
method of lung examination should be generally employed. 

6. The use of these special methods requires an intelligent interpreta- 
tion of the findings and a wise application of them to the individual stu- 


dent. 
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THE INCIDENCE OF TUBERCULOUS INFECTION AMONG 
THE HIGH-SCHOOL STUDENTS OF MORRISON 
COUNTY, MINNESOTA' 


ELIZABETH A. LEGGETT anp J. ARTHUR MYERS 


In September, 1930, the Morrison County Public Health Association 
decided to devote part of the funds derived from the sale of Christmas 
Seals to a study of the incidence of tuberculous infection among the high- 
school students of the county. Dr. L. M. Roberts of Little Falls, Presi- 
dent of the Association, secured the approval of the County Medical 
Society for the study. Miss Beatrice Tomelty and Dr. Roberts aroused 
public interest to such a pitch that the only criticism we heard of the 
plan was that it failed to include the grade-school children. The co- 
operation of the school nurses, the high-school superintendents, the 
teachers, the children and their parents made the task easy. A prelimi- 
nary report of this study, with a discussion of similar surveys in Pine 
City and St. Paul, was given in an earlier paper (1). 

The study consisted of three parts: (1) The application of an intra- 
cutaneous tuberculin test; (2) X-ray examination of the chests of those 
children reacting positively to the tuberculin test; and (3) physical 
examination of those showing X-ray evidence of tuberculosis. Only 
those children whose parents signed papers giving consent for the applica- 
tion of the test were included in the study. A few teachers who asked 
for it were given the test; those who reacted positively were X-rayed and 
examined. One case of active adult-type pulmonary tuberculosis was 
discovered among the teachers. The tuberculin tests were applied in 
September, 1930. The palmar surface of the left forearm was cleaned 
with 70 per cent alcohol, and 0.1 cc. of freshly prepared 1: 1,000 dilution 
of Old Tuberculin (0.1 mgm.) was injected intracutaneously within the 
area. The tests were read at the end of forty-eight hours. The extent of 
the reaction was graded according to McPhedran and Chadwick (2): 


1 From the Department of Preventive Medicine and Public Health, University of Minne- 
sota, Minneapolis, Minnesota. 
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A one-plus reaction consisted of a slight but definite area of oedema not greater 


than 10 mm. in diameter. 
A two-plus reaction was one in which the area of oedema was between 10 and 


15 mm. in diameter. 

A three-plus reaction was one in which the area of oedema was greater than 15 
mm. in diameter but in which there was no necrosis present. 

A four-plus reaction was one in which necrosis was present. 


The tuberculin used was “Tuberculin Old” (O.T.), H. K. Mulford Com- 
pany, Philadelphia. The dilutions were prepared at the Pokegama Sana- 
torium, Pokegama, Minnesota, and were less than a week old. A plati- 
num needle which could be sterilized by flaming was used. Dr. R. R. 
Hendrickson of Ah-Gwah-Ching Sanatorium assisted in applying and 
reading the tests. In the Little Falls High School group 152 students 
who failed to react to the first test were given a second test in which 0.1 
cc. of a 1:100 dilution of Old Tuberculin (1.0 mgm.) was injected intra- 
cutaneously. In the other schools only the single test of 0.1 mgm. was 
given. 

The students who reacted positively to the tuberculin tests were X- 
rayed at St. Gabriel’s Hospital, Little Falls. A single plate was taken 
of the chest in each case. The X-rays were read by Dr. H. A. Burns of 
the Minnesota State Tuberculosis Sanatorium and by us. 

On December 12, 1930, a tuberculosis clinic was conducted at Little 
Falls under the auspices of the Morrison County Public Health Associa- 
tion. Those children with X-ray evidence of tuberculosis were requested 
to report to clinic for physical examination. Of the 39 children with 
X-ray findings of tuberculosis, 18 reported to the clinic for examination. 
Of those with negative X-ray findings 19 reported to the clinic for ex- 
amination. 


LITTLE FALLS HIGH SCHOOL 


A summary of the results of the tuberculin tests in the Little Falls 
High School is given in table 1. Two hundred and seventy-four tests 
of 0.1 mgm. were applied, with 28 positive and 246 negative reactions: 
152 of the negative reactors were retested with 1.0 mgm. of Old Tuber- 
culin. Of the second group 58 showed positive and 94 negative reactions. 
The total number of positive reactions was 86, or 31 per cent of those 
tested. Only 24 of the students tested gave a history of known exposure 
to tuberculosis: 16 of the 24 reacted positively to tuberculin. Of the 
86 students with positive reactions, 80 were X-rayed with the following 
X-ray diagnoses: 
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Adult type of pulmonary tuberculosis 
Primary focus 

Calcified tracheobronchial lymph nodes 
Questionable 

No evidence of pulmonary tuberculosis 


The number of students tested, the number reacting positively to tuber- 
culin, and the number showing X-ray evidence of tuberculosis are shown 
in graph I. 
TABLE 1 
Little Falls High-School 


EXPOSURE + EXPOSURE — 


One test Two tests One test Two tests 


24 


Fourteen children with X-ray evidence of pulmonary tuberculosis and 
seven with negative X-rays were examined at clinic with the following 


clinical diagnoses: 


Adult-type pulmonary tuberculosis 

Questionable adult-type pulmonary tuberculosis 

Childhood tuberculosis, latent 

Indeterminate, requiring re-check 

Negative to pulmonary tuberculosis 

Negative to pulmonary tuberculosis, but with bronchitis present 


{ 
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AGE ua 
10— 1 1 
10 1 1 
11 2 1/4] 9 
12 1 2 1 211] 2 31 16 5 
13 1 38 | 12 | 31.5 
14 3 1 1 1/2 10/6/9815} 6 | 21 | 35.0 
is 1/1/11 45 8 | 17.7 
16 2 1 53 | 19 | 35.8 
17 2 1 91/714/2]6| 35 | 14 | 40.0 
18 1 2}2/1 3] 10 4 
19 1 1 te 1 
20 1 1 1 3 2 
3 8 [31 |58 [29 |28 |32 [59 | 274 | 86 | 31.0 
20 4 102 148 | 
= 250 
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A summary of the history and findings in the adult type case of pul- 
monary tuberculosis is given below: 


Patient G. G., male, age 16. Present complaints, none. History: General 
health good. Past history negative except for influenza. Operations, ton- 
sillectomy. Exposure to tuberculosis positive. Examination: Mantoux test, 
two-plus reaction to 1.0 mgm. of Old Tuberculin. X-ray: “There is some 
fibrosis extending into the right upper lobe, suggesting an old inflammatory 
process, probably tuberculosis. No other evidence of pathological involve- 
ment can be made out.” (H. A. B.) Clinical Diagnosis: Childhood type of 
tuberculosis with evidence of minimal adult type of infiltration in the right 
upper lobe. Advice: Check up frequently. 


Graph I 
ener total Tested. 


Positive Mantoux 
60 || 

GH positive X ray. 
—— 


Little Falls High School. 


ST. FRANCES HIGH SCHOOL FOR GIRLS 


The St. Frances High School is a Catholic parochial school for girls in 
Little Falls. A summary of the results of the tuberculin tests in this 
school is seen in table 2. Only the first test of 0.1 mgm. O.T. was given. 
Five of the 35 girls tested gave a history of known exposure to tubercu- 
losis. Three, or 8.5 per cent, of those tested reacted positively. Only 
one of the positive reactors had a history of known exposure. All 3 posi- 
tive reactors were X-rayed. The X-ray diagnoses were as follows: 


20 
| 
| | — 
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Calcified tracheobronchial lymph nodes 
No evidence of pulmonary tuberculosis 


None of these girls were examined at clinic. 


TABLE 2 
St. Francis High-School for Girls 


EXPOSURE + EXPOSURE — 
TOTAL TESTED 


TABLE 3 
Pierz School 


EXPOSURE + EXPOSURE — 


PIERZ SCHOOL 


A summary of the results of the tuberculin tests in the Pierz school is 
given in table 3. Of the 14 children tested only one gave a history of 
known exposure. The boy who gave a history of known exposure was 
the only one who reacted positively. He failed to report for either X-ray 
or clinical examination. 


{ 
563 
AGE TOTAL + 
13 1 1 
14 
15 1 : 2 9 13 3 
16 1 8 9 
17 2 3 5 
1 4 y 28 35 3 
5 30 
AGE ifs TOTAL + 
M. | Fem. | M. Fem. | M. Fem. | M. Fem. 
12 1 1 2 
13 1 1 
14 1 1 2 
15 5 5 
16 1 1 
17+ 1 2 3 1 
1 0 0 0 0 0 2 11 14 1 
1 0 0 13 
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UPSULA SCHOOL 


At the request of the superintendent the grade-school-children at 
Upsula were included with the high-school children in the testing. Table 
4 gives a summary of the results of the tuberculin tests: 115 tests were 
applied, with 9, or 7.8 per cent, positive reactions. The positive tests 


TABLE 4 
Upsula School 


EXPOSURE + EXPOSURE — 


WED 


won 
— 
wm 
> 


* All positive exposures and positive reactors in high-school age-group. 
Total under 12 years of age, 45. 

Total over 12 years of age, 70. 

Per cent positive of those over 12 years of age, 12.9. 

Per cent positive of entire group, 7.8. 


all occurred in children of 12 years or over. Of the children in the high- 
school age-group 12.9 per cent reacted positively. Seven children, six 
of whom reacted positively, gave a history of known exposure to tubercu- 
losis. Seven of the 9 positive reactors were X-rayed. The X-ray diag- 
noses were as follows: 


Calcified tracheobronchial lymph 00.656 
No evidence of pulmonary tuberculosis................:cceceeeeeeeeeeeeees 
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j M. Fem. M. Fem. M. Fem. M. Fem. 
6 2 
| 7 3 
8 9 
9 6 
10 10 
11 15 
12 10 
13 1 13 1 
14 1 1 $i 13 3 
15 1 1 1 11 2 
16 1 10 1 
17 7 
18 1 1 4 2 
19 2 
2 4 1 | 0 2 1 115 9* 
6 1 3 105 
108 
j 4 
3 
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Six of the 7 children X-rayed were examined at clinic with the following 
clinical diagnoses: 

Questionable adult type of pulmonary tuberculosis 

Childhood tuberculosis, activity indeterminate 


Indeterminate, requiring re-check 
Negative to pulmonary tuberculosis 


ROYALTON HIGH SCHOOL 


A summary of the results of the tuberculin tests in the Royalton High 
School is seen in table 5. Only the single test of 0.1 mgm. O.T. was ap- 


TABLE 5 
Royalton High-School 


EXPOSURE + EXPOSURE — 


TOTAL + 


plied. Of the 43 children tested, only two, both of whom were positive 
reactors, gave a history of known exposure to tuberculosis. Three, or 
6.9 per cent, of the children tested reacted positively. ‘Two were X-rayed. 
Both showed calcified tracheobronchial lymph nodes. These children 
were not examined at the clinic. 


SWANVILLE HIGH SCHOOL 


A paper by Dr. Simons and Dr. Hilleboe, discussing their experience 
with tuberculosis in general practice in Swanville and the surrounding 
neighborhood, adds interest to the study of this high-school group. In 


| 
M. Fem. M. Fem. M. Fem. M. Fem. 
9 2 2 
10 
11 
12 1 1 
13 2 7 9 
14 3 3 6 
15 1 1 1 6 9 2 
16 1 4 5 10 1 
17 3 2 5 
18 1 1 
0 2 0 0 0 1 17 23 43 3 
Zz 0 1 40 
2 41 
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the nine months from January 17 to September 17, 1930, they saw and 
diagnosed 19 cases of active pulmonary tuberculosis. One case occurred 
in a girl who graduated from the Swanville High School in 1929, and 
another case in a 1930 graduate. This paper is an excellent example of 
the valuable scientific data which may be compiled by a general practi- 
tioner in the course of his work (3). 

A summary of the results of the tuberculin tests in the Swanville High 
School is given in table 6. Fifty-four tests were applied, with eight, or 
14.8 per cent, positive reactions. Of the 9 children who gave a history 


TABLE 6 
Swanville High-School 


EXPOSURE + EXPOSURE — 


TOTAL + 


wn 


of known exposure to tuberculosis only one reacted positively. The 8 
positive reactors were X-rayed, with the following X-ray diagnoses: 


Calcified tracheobronchial lymph nodes 
No evidence of pulmonary tuberculosis 


All eight were examined at clinic with the following clinical diagnoses: 


Adult-type pulmonary tuberculosis 

Questionable adult-type pulmonary tuberculosis 
Childhood tuberculosis, latent 

Indeterminate, requiring re-check 

Negative to pulmonary tuberculosis 

Negative to pulmonary tuberculosis but with bronchitis 


: M. Fem. M. Fem. M. Fem. M,. Fem. 
10— 1 1 
10 1 1 2 
11 
d 12 : 1 1 3 1 
4 13 1 6 1 
/ 14 1 1 1 1 8 3 1 2 
' 15 2 2 3 2 
j 16 1 1 1 4 1 
17 1 1 1 3 1 
i 18 1 1 
19 1 i 
0 1 2 6 2 5 20 18 |_| 8 
1 8 7 38 
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MOTLEY SCHOOL 


A summary of the results of the tuberculin tests in the Motley school 
is given in table 7. Fifty-one tests were applied, with three, or 5.8 per 
cent, positive reactions. The one child who gave a history of known 


TABLE 7 
Motley School 


EXPOSURE + EXPOSURE — 


TOTAL 
TESTED 


12 and less 
13 
14 
15 
16 
17 
18 and over 


TABLE 8 
Total single tests in students from 12 to 20 years of age in Morrison County 


EXPOSURE + EXPOSURE — 


+ TOTAL + 


OR 


— 


AGE + | TOTAL + 
% M. Fem. M. Fem. M. Fem. M. Fem. 
1 1 Z 4 1 
3 Z 5 
1 4 4 9 1 
5 5 10 
1 4 11 16 1 
2 3 5 
2 2 
0 1 0 0 0 2 21 27 51 3 
1 0 2 48 
1 50 
M. Fem. M. Fem. M. i. M. Fem. 
12 2 3 11 13 31 4 12.9 
13 2 2 1 22 25 53 5 9.4 
14 1 5 1 2 4 26 32 72 11 15.2 
15 1 5 1 1 Z 19 43 78 14 17.9 
16 4 a 2 14 48 75 10 13.3 ' 
17 1 2 3 14 24 46 5 10.8 
18 1 1 1 1 3 4 12 4 
19 1 2 2 6 2 
20 1 1 3 1 
6 21 2 14 10 |_| 112 192 376 56 14.9 
27 16 29 304 
43 333 
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exposure to tuberculosis reacted positively. The 3 positive reactors were 
X-rayed. The X-ray diagnoses were as follows: 

Calcified tracheobronchial lymph nodes 

No evidence of pulmonary tuberculosis 
The two children with calcified tracheobronchial lymph nodes were 
examined at clinic with the following clinical diagnoses: 

Childhood tuberculosis, latent 

Indeterminate, requiring re-check 


Graph II 
Total Tested. 


80 _ number am Positive Mantoux. 


Positive X ray. 


12 15 17 38 19. 20 
age. 


Single Mantoux Tests in Morrison County. 


TOTAL SINGLE TESTS IN MORRISON COUNTY 


A summary of the total single tests in Morrison County, among the 
high-school students, is given in table 8. Three hundred and seventy- 
six tests were applied, with 56, or 14.9 per cent, positive reactions. Graph 
II shows the number of single tests applied, the number of positive 
reactors, and the number showing X-ray evidence of pulmonary tuber- 
culosis. 


| 
| 
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40 _ 
30 _ 
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DISCUSSION 


In Pine City, where many of the high-school students were exposed to 
a teacher with far-advanced pulmonary tuberculosis and positive sputum, 
25 per cent of the children reacted positively to 0.1 mgm. of Old Tuber- 
culin. Of the children who reacted positively and were X-rayed, 69 
per cent showed evidence of pulmonary tuberculosis, three showing active 
adult type of disease. In Morrison County 14.9 per cent of the high- 
school students reacted positively to 0.1 mgm. of Old Tuberculin. Of the 
children who reacted positively and were X-rayed, 33 per cent showed 
evidence of pulmonary tuberculosis, one showing adult type of disease. 
In the Little Falls High School one teacher was found to have active 
adult-type pulmonary tuberculosis, but did not have positive sputum 
so far as we know. In both counties the majority of the children drank 
raw milk. In Pine County cattle have not been tuberculin-tested. In 
Morrison county the cattle were tested in 1930. In the first test 3,453 
herds were tested, with 192 herds, or 5.5 per cent of the herds containing 
suspected or infected cattle. The percentage infection among the total 
number of cattle tested was 1.05 per cent. In the second test in December, 
1930, the ratio of infected cattle had dropped to 0.47 per cent. In the 
third test in March, 1931, 0.049 per cent were positive. The mortality 
from tuberculosis per 100,000 population in Pine County, exclusive of 
the deaths at the Pokegama Sanatorium, was 19.9 in 1930. In Morri- 
son County the mortality from tuberculosis per 100,000 population was 
31.45. 

An interesting contrast in the apparent incidence of tuberculous in- 
fection was seen in the smaller high-schools of the county. In Swan- 
ville, where the local doctors saw 19 cases of active pulmonary tubercu- 
losis in nine months, the ratio of children reacting positively to the first 
tuberculin test was 14.8 per cent. Of the children who reacted posi- 
tively and were X-rayed, 50 per cent showed evidence of pulmonary 
tuberculosis. Only one gave a history of known exposure. In Upsula 
9 children, or 7.8 per cent of those tested, reacted positively, and, of 
these, six gave a history of known exposure. In Royalton 3 children, 
or 6.9 per cent, reacted positively, of whom two gave a history of known 
exposure. In Motley 3 children, or 5.8 per cent, reacted positively, of 
whom three gave a history of known exposure. In the Upsula, Royal- 
ton, Motley group 60 per cent of the children X-rayed showed evidence 
of pulmonary tuberculosis. | 

In the Little Falls High School 2 tuberculin tests were applied. Ten 
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per cent reacted positively to the first test, and 21 per cent to the second. 
Of the positive reactors who were X-rayed 26 per cent showed evidence 
of pulmonary tuberculosis. One teacher in the school had adult-type 
active pulmonary tuberculosis. The proprietor of the local candy-kit- 
chen and soft-drink parlor, popular among the students, has died of 
pulmonary tuberculosis since this study was made. 


CONCLUSIONS 


1. X-ray examination of the chests of children who react positively to 
the intracutaneous injection of tuberculin reveals evidence of pulmonary 
tuberculosis in a varying percentage of the cases; in this series, from 26 
to 69 per cent. 

2. In groups with a history of known contact with adult-type pul- 
monary tuberculosis a higher percentage show evidence of pulmonary 
tuberculosis. 

3. Tuberculosis surveys in schools are an important aid in the early 
diagnosis of tuberculosis. 


REFERENCES 


(1) Leccett, E. A., anp CALLAHAN, F. F.: Studies on the incidence of tuberculous infec- 
tion, Amer. Rev. Tuberc., 1931, xxiv, 113. 

(2) CHapwick, H. P., AnD McPHEDRAN, F. M.: Childhood type of tuberculosis, diagnostic 
aids, Nat. Tuberc. Assoc. 

(3) Sruons, E. J., AND HILLEBoE, H.: Rural experiences with tuberculosis, Journal-Lancet, 
1931, li (n.s.), 261. 


t 
~ 


ADULT-TYPE TUBERCULOSIS IN CHILDREN?? 


A. A. KARAN 


Most statements in the literature pertaining to the evolution of paren- 
chymal pulmonary tuberculous infiltrations of the adult type in children 
are unsupported by adequate data. Since the problem of tuberculosis 
has, of late, been receiving increasing attention, it was thought that it 
might be of interest to present a study of 77 children having the adult 
type of tuberculosis. It is intended in this paper to present the data 
first and then discuss certain features of this type of lesion in children. 
A fairly thorough search of the literature revealed that, in this country, 
the only other authors who have made a similar study are Gibson and 
Carroll (1). It might also be added that, on the whole, their observa- 
tions are in agreement with the findings in this study. 

During a period of ten years, from January 1, 1922, to December 31, 
1931, seventy-seven children, ranging in ages from 4 to 15 years inclusive, 
with the adult type of pulmonary tuberculosis were admitted to the State 
Sanatorium at Wallum Lake, Rhode Island. The ages here considered 
are those given on admission to the Sanatorium. It was thought in- 
advisable to classify the children in age-groups according to the history 
of the date of onset of the disease because, in many, the history was un- 
reliable and indefinite. It is evident, therefore, that in all these patients 
the active tuberculous process was present a shorter or longer period of 
time prior to the stated age. 


INCIDENCE 


Chadwick (2), in examinations of 100,000 apparently healthy school- 
children, most of them below high-school age, found one case of the adult 
type of tuberculosis in every 3,200 children examined. Gibson and Car- 
roll (1) showed that out of 855 patients under 15 years of age admitted 
to Undercliff (Connecticut), 87, or 10 per cent, had parenchymal pul- 
monary infiltrations of the adult type. Other citations from the literature 


1From the State Sanatorium, Wallum Lake, Rhode Island, Dr. H. L. Barnes, 


Superintendent. 
?Read at a monthly conference of the Tuberculosis Division of Montefiore Hospital, 


New York, February 25, 1932. 
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are less definite: for instance, Myers (3) is of the opinion that “The 
adult type of pulmonary tuberculosis occurs during the period of child- 
hood, but itis not common.” Stoloff (4) states that “juvenile tuberculo- 
sis (tertiary form) may be encountered as early as the eighth year.” Lord 
(5) says: “The older the child the greater the tendency of the lesion to 
heal, lymph node infection is less conspicuous and the apices are more 
frequently affected. The apical localization of adults may be seen in 
children beyond the sixth or seventh year.” Other authors, who present 
more pertinent data, include in discussions on tuberculosis in children 
individuals up to 18 or even 20 years of age. . 

It is not possible to make an exact estimate of the incidence of the adult 
type of tuberculosis in children in the general population from the number 
of admissions to any one sanatorium. However, an attempt will be 
made toshow that, in Rhode Island at least, a fair idea of the prevalence 
of such lesions can be obtained from the number of admissions to the 
State Sanatorium. 

Because of the relatively limited population in the state (about 700,000), 
Wallum Lake is the only state tuberculosis institution, yet the population 
is sufficiently large to supply all types of patients to the sanatorium. The 
general hospitals in the state do not keep tuberculosis patients and trans- 
fer them to the Sanatorium. The number of children with active pul- 
monary tuberculosis treated in other institutions in Rhode Island is 
negligible. Furthermore, within the last 10 years an increasingly thor- 
ough search for these cases has been made by the physicians of the State 
Sanatorium. Statewide clinics have been established for the examina- 
tion of children in contact with tuberculous individuals and of other 
children who have symptoms suspicious of tuberculosis. It seems rea- 
sonable to expect, therefore, that the vast majority of children with pul- 
monary tuberculosis, who are apt to be institutionalized, would be ad- 
mitted to Wallum Lake. 

From January 1, 1922, to December 31, 1931, a period of ten years, 
538 patients who were 15 years of age or under were admitted to the State 
Sanatorium. As previously stated, 77, or about 14 per cent, of them had 
parenchymal pulmonary infiltrations of the adult type. The number in 
each age-group and a comparison between males and females are shown 
in table 1. It is noteworthy that in the group aged 10 years or under 
there were 8 males and 7 females, whereas, between the ages of 12 to 15 
inclusive, there were 14 males and 45 females,—approximately 3 times 
as many females as males. 
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Judging purely from the data available, it seems reasonable to conclude 
that the adult type of tuberculosis in males and females under 10 years of 
age is of infrequent occurrence and apparently occurs with about equal 
frequency in both sexes. During puberty the incidence increases in 
both sexes but is three times as frequent in females. 


TABLE 1 
Age and sex 


Totals 


ROENTGENOGRAPHIC FINDINGS 


Table 2 shows statistically the essential features, arranged according to 
age-groups, of the lesions as recorded on the roentgenograms. Sixty-two, 
or 80 per cent, of the 77 cases had diffuse pulmonary infiltrations of the 
adult type which were not localized to any particular region in the lung 
fields. In the vast majority of them evidence of disease was present in 
both supraclavicular and infraclavicular regions. The roentgenograms 
did not differ from those seen in the average group of adult patients with 
phthisis. All sorts of variations were encountered. Some of the lesions 
were of the purely exudative type, characterized by soft-appearing patches 
of mottling with hazy and indefinite borders, and evidences of honey- 
combing or thin-walled cavities, or no evidence of cavitation. Another 
group had lesions essentially proliferative or cirrhotic in character, 
showing on the roentgenograms strands, or a dense, sharply circumscribed 
mottled appearance with still denser areas of calcification. As a rule the 
heart, mediastinum and trachea were pulled over toward the affected, 
shrunken lung, and the cavities, if present, were thick-walled. Most of 


AGE MALE FEMALE 
4 1 
5 2 1 
6 2 
7 1 1 
8 1 1 | 
9 2 
10 1 2 
11 2 1 
12 7 
13 1 8 
14 3 11 
15 10 19 
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the patients had a combination of the exudative and proliferative types 
of lesions in the same film. Progression of the disease with cavity-forma- 
tion occurred in 38 instances. Retrogression with resorption, or fibrosis 
and calcification, was present in 24 instances. This group of 24 includes 
the cases in which retrogressive changes were noted in one portion of the 
lung, while progression occurred elsewhere in the same or other lung. 
Figures 1, 2 and 3 illustrate the various lesions encountered. It is in- 


TABLE 2 
Roentgenographic findings 


NUMBER OF PATIENTS WITH 


Calcified nodule in 
parenchyma or calci- 
fication in tracheo- 
Infra- bronchial lymph Progres- | Retrogres- 
Apical | clavicular nodes sion on sion on 

lesions infiltra- roentgeno-| roent- 

tions With With gram | genogram 
diffuse | localized 

infiltra- infiltra- 
tions tions 


1 


1 
1 


4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 


4 


no 


Totals.....} 62 15 6 41 9 38 24 


Note: Patients who had only one film taken and those whose lung fields were obscured by 
pneumothorax were not included in columns indicating progression or retrogression of the 
disease. 


teresting to note that before puberty retrogressive changes on the roent- 
genogram were more common than progressive changes; whereas during 
puberty twice as many patients showed progressive changes as compared 
with those showing retrogression. 

The remaining 15 cases had roentgenograms showing localized homo- 
geneous shadows of increased density, with a more or less mottled ap- 
pearance within or around the homogeneous density; or rarefied areas 
occupying a smaller or greater portion of the area of increased density. 


| 
| nd 
Localized 
| infiltra- | 
tions | 
| 
1 
1 | 
2 
1 1 
i 1 
2 3 
i 1 
| 
5 
i | 7 
| 
| 
| 
] 
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iG. 1. F. P., age 8. Sclerotic lesion with numerous calcific deposits in the right apex and first 
rspace. More recent lesion in the left upper lobe with cavity crossing the clavicle. The heart, 
liastinum and trachea are pulled to the right. Arrows indicate cavity and position of trachea. 


tive sputum. 

iG. 2. J. LaC., age 12. Lesion in right apex and left upper lobe. Marked thickening of pleura 
ft apex, first and second interspaces. Arrows indicate calcification in right hilum. Positive 
um, 

c. 3. M. S., age 11. Thickened pleura in left apex. Dense mottling with hazy, ill-defined 
ers throughout the left lung. Arrows indicate cavity crossing the left clavicle. Right lung clear. 
tive sputum. 

iG. 4. M. G., age 8. Arrows indicate infraclavicular cavity in right and left lungs. Apices are 
, and remainder of lung fields relatively clear. Positive sputum. 
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The majority of these lesions were situated in the infraclavicular regions 
of the lung fields and do not differ from infraclavicular infiltrations seen 
in adults. Figure 4 illustrates this type of lesion. 

In 6 patients out of the entire group of 77, the lesion was limited to on: 
or both apices (figure 5). In 11 instances the apices were uninvolve: 
and the lesions were situated in the infraclavicular regions of the lun; 
fields (figure 4). In table 2 these lesions are tabulated according to ag 


ron 


LLUM CAKE 


Fic. 5 
H. C., age 9. Arrows indicate mottled left apex with thickened pleura. Remainder of 
lung fields uninvolved. Negative sputum. Difficult to obtain sputum for examination 
because expectoration is very slight or absent. 


Table 2 also shows the frequency with which visible calcified nodules 
in the parenchyma, or calcification in tracheobronchial lymph nodes, 
were associated with the different types of lesions. The tabulation is 
arranged according to age. 


SYMPTOMS, PHYSICAL SIGNS AND SPUTUM 


In this study only those symptoms which are commonly associated 
with pulmonary tuberculosis are considered. Obviously, in children, 
objective symptoms would be the most reliable. Table 3 shows the clini- 
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cal picture in this group of 77 patients tabulated according to age. The 
symptom of cough was present in every case and is not included in the 
table. 

In the majority of cases the mode of onset, as given in the history, was 
with a rise in temperature. Seventy-two, out of the entire group of 77, 
had one or more febrile reactions during the course of the disease. Hae- 
moptysis of a dram or more occurred in about one-third of the cases. 
In a few, haemoptyses of several ounces, occurring on several different 
occasions, were noted. Eight children had blood-streaked sputum with- 
out frank haemoptysis. It is of interest to note that frank pulmonary 


TABLE 3 
Symptoms, physical signs and sputum 


NUMBER OF PATIENTS WITH 


AGE Blood- Signs of fd CONTACTS 
Riles cavitation Positive 
ysis sputum 
P consolidation 
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Totals. ... 


haemorrhage was observed in only one instance in children under 11 years 
of age. Haemoptysis proved fatal in only one of these cases. 

The presence of abnormal physical signs in the lungs, characteristic 
of pulmonary tuberculosis, was of unusually frequent occurrence in this 
group of children. Seventy-three had moist or crepitant rales, and 35 
had signs suggesting cavitation or consolidation. 

Sixty-nine, or 90 per cent, of the patients had tubercle bacilli in the 
sputum on at least three different occasions. All the sputa were ex- 
amined at the Sanatorium by very competent technicians. 

From the above data, it appears that positive diagnostic evidence of 
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9 
10 
11 
12 
13 
27 8 
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pulmonary tuberculosis corroborating the roentgenograms was, perhaps, 
more abundant than would be expected in a group of children. One 
explanation is that most of the favorable cases were residents at the Sana- 
torium for considerable periods of time, and this circumstance therefore 
increased the opportunity for noting symptoms as they appeared. The 
majority of children who remained a short time were admitted during the 
far-advanced stages of the disease with pronounced symptoms, and died 
shortly after admission. 


CLINICAL COURSE 


In table 4 the clinical course of the disease, in the entire group of 77 
patients, is tabulated according to age. Retrogression of the tuberculous 


TABLE 4 
Clinical course 


NUMBER OF PATIENTS NUMBER OF PATIENTS NUMBER OF PATIENTS 
WITH PROGRESSIVE WITH RETROGRESSIVE WITH REMISSIONS AND 
DISEASE DISEASE EXACERBATIONS 


1 
1 


2 


17 


process, as evidenced by steady improvement or diasppearance of symp- 
toms, and retrogressive changes on the roentgenogram were noted in 17 
instances. Forty-one patients had active and progressive tuberculosis 
with few or no remissions. In 19 instances the disease took on a more 
chronic form, with periods of remission and exacerbation. It is note- 
worthy that, in the age-group 12 to 15 years inclusive, there were ap- 
proximately three times as many patients who had progressive disease 
as the number of those who retrogressed; whereas, in the age-group 11 
years of age or under, the number with progressive and retrogressive 
disease was equal. 


AGE 
4 | 
9 
6 1 i 
7 | 
8 1 
9 1 | 
10 1 
11 2 
12 5 
iE 13 6 2 
14 7 1 
15 17 8 
| 
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MORTALITY 


For many years Dr. Barnes has been making every effort to trace all 
patients who had left the State Sanatorium. For this reason, it was 
possible to determine accurately the fate of the vast majority of the 
patients considered in this study. To date (March 19, 1932), out of the 
entire group of 77, forty-six are dead and 26 are definitely known to be 
alive. Four were known to be alive during the last check-up in Sep- 
tember, 1930, and the whereabouts of one is unknown. Table 5 shows the 


TABLE 5 
Duration of life 


DIED AFTER ONSET LIVING AFTER ONSET 


Less than 1 Less than 3 Less than 5 More than 1 | More than 3 | More than 6 
year years years year years years 


1 
1 


1 


5 2 


Totals 9 


Note: Two patients died 7 years after the onset of the disease. They were both 15 years 
of age at the time of admission to the sanatorium. The four patients who were last heard 
from in September, 1930, and one whose whereabouts is unknown, are not included in this 
table. 


duration of life, tabulated according to age, of those who are dead, and 
the length of life to date of those who are still alive. The duration of ‘ 
life was estimated from the onset of the disease as given in the history. 

As previously mentioned, the histories in these patients were not al- 
ways reliable or definite. However, the onset of the tuberculous process 
was dated from the time definite and prominent symptoms appeared. It 
seems reasonable to assume that errors in estimating length of life would 
tend to increase the average duration of life in the older children, because 
they would be more apt to call attention to symptoms of ill health sooner 
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than the younger children. Here again the figures indicate that the dis- 
ease assumes a more benign form before puberty than during puberty. 
Approximately 64 per cent of the patients between 12 and 15 years of 
age inclusive died in less than 5 years from the time of onset. In the age- 
group of 11 years of age or under, only 28 per cent died within a period of 
5 years. 


COMMENT 


It is evident, from the data presented, that parenchymal pulmonary 
infiltrations in children before puberty are of infrequent occurrence. 
When such lesions are present during that age-period, the clinical and 
roentgenographic pictures resemble very closely the phthisis of adults. 

The histories definitely indicate (table 3) that one-third of the children 
under 11 years of age were in direct contact with members of the family 
who had active pulmonary tuberculosis. It is quite possible that close 
search would reveal a greater number of direct contacts. The disease 
in the contact group may be, and probably is, accounted for by massive 
repeated infections. But how may we account for disease in the non- 
contact group, and, in general, for the relative infrequency of occurrence 
of this type of lesion in children during the first decade of life? 
Krause (6) states: 


There is a dosage of reinfection and a spacing of intervals between reinfections, 
one of which is always to be correlated with the other, which are favorable for 
the highest development of immunity. But there is also a dosage and a spac- 
ing which will depress and (perhaps) destroy each. The potentially illimit- 
able relations of tuberculous foci to the bodies in which they reside render 
necessary the presumption that every conceivable effect on allergy and im- 
munity is possible. 


Allowing for individual differences in resistance and intercurrent events 
which tend to lower resistance, factors present both in adult and child, 
-it may seem reasonable to assume that the reason the adult type of tuber- 
culosis is far less frequent in children is because the interval of time in 
which the sequence of events necessary for the production of phthisis 
is much shorter in the child. In other words, the child during the 
first decade of life has not any greater inherent resistance to the de- 
velopment of phthisis, but that, following the primary infection, there is 
not sufficient time, in the vast majority of children, for the exact relation 
between allergy, immunity and number and virulence of tubercle ba- 
cilli to take place in order to produce pulmonary tuberculous lesions. 
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It is also evident from this study that during puberty, particularly in 
girls, there isa marked increase in the incidence of pulmonary tuberculosis, 
and the disease runsamoreactivecourse. In general, writers (Hethering- 
ton, McPhedran, Landis and Opie (7), Boynton (8), Drolet (9), and Gib- 
son and Carroll (1)) agree on that observation. In this series of cases, 
20, or a little over 44 per cent, of the girls between the ages of 12 to 15 
were in direct contact with tuberculous members of their familes. How- 
ever, the larger proportion of contacts in this older group, as compared 
with the younger children (33 per cent), does not sufficiently explain the 
marked increase in incidence and activity of the disease. This study 
does not warrant any speculation on the reasons for the state of lowered 
resistance during puberty, but it cannot be denied that young adolescents 
lack resistance to tuberculous reinfection or superinfection. 

From the data available, it seems reasonable to conclude that treat- 
ment in children with pulmonary tuberculosis requires the most careful 
supervision. Collapse therapy should be instituted during the very early 
stages of the disease. Indeed, in the majority of adolescents it seems 
futile to expect spontaneous cures with rest alone. If pneumothorax 
is begun before puberty, an attempt should be made to prolong the 
treatment until late in the teens. 

It is also obvious that close contact with tuberculous individuals, 
thereby increasing the opportunities for repeated and massive infections, 
accounts for the presence of the disease in a considerable number of 
children and adolescents. Measures instituted to prevent close contact 
of children with tuberculous individuals are based on sound scientific 
evidence, and should be encouraged in every community. 


SUMMARY 


1. During a period of 10 years, 538 children, 15 years of age or under, 
were admitted to Wallum Lake. Seventy-seven, or about 14 per cent, 
showed parenchymal tuberculous pulmonary infiltrations of the adult 
type. Twenty-five of them were 12 years or under, and 52 were 12 to 
15 years of age inclusive. The ages considered were those given on ad- 
mission to the Sanatorium. 

2. In the entire group there were 53 females and 24 males, but, between 
the ages of 12 to 15 inclusive, there were 45 females and 14 males. 

3. The roentgenograms in this group of 77 patients did not differ from 
roentgenograms of adult patients with phthisis. 

4, The presenceof symptoms and abnormal physical signs characteristic 
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of pulmonary tuberculosis was unusually frequent in this group of children. 
Sixty-nine, or 90 per cent, of the patients showed tubercle bacilli in the 
sputum on at least 3 different occasions. 

5. The prognosis was decidedly less favorable in the age-group between 
12 to 15 years of age inclusive. 

6. Thirty-three, out of the entire group of 77, were known to be in 
close contact with tuberculous members of their families. 
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SKIN REACTIONS AND TUBERCULOUS DISEASE IN 
CHILDREN! 


C. H. WEBB? 


I. SKIN REACTIONS WITH SYNTHETIC MEDIUM TUBERCULIN AND OLD 
TUBERCULIN 


Tuberculin skin reactions have assumed tremendous importance in 
the diagnosis of childhood tuberculosis, constituting at present probably 
the most important single diagnostic method, and, with the roentgen-ray 
examination, affording an excellent approach to the early diagnosis of 
tuberculous infection and disease. Following the introduction of the 
scratch test by Pirquet (1) in 1907 and the more sensitive intracutaneous 
test of Mantoux (2) in the next year, skin-testing has been widely used. 
The early results in the European clinics, where a high incidence of positive 
reactions was found, especially after the fifth year, led to the theory of 
practically universal infection in older children and adults, and the diag- 
nostic importance of the skin tests was considered as limited to the first 
few years of life. In recent years, however, American investigators like 
Myers (3), Chadwick (4) and many others have demonstrated the use- 
fulness of the test during the entire period of childhood. 

The chemical composition of the tubercle bacillus and of tuberculin is 
undergoing careful investigation. Using a nonprotein synthetic medium, 
Long and Seibert (5) (6) have secured abundant quantities of active 
tuberculin, of which the active principle appears to be a whole protein. 
Although further studies of this protein, leading to its isolation and identi- 
fication, are in progress, our results in the clinical use of this synthetic 
medium tuberculin (S.M.T.), as compared with Old Tuberculin (O.T.), 
were considered to be of sufficient value to warrant publication. We 
deemed it of further value to investigate the roentgen-ray findings and 
clinical conditions present in those children who exhibited positive 
tuberculin reactions. 

The children included in this study were examined by the staff members 
of the Pediatrics Out-Patient Department of the University of Chicago 


1 From the Department of Pediatrics, University of Chicago, Chicago, Illinois. 


2 Shreveport, Louisiana. 
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Clinics during the university year 1930-1931. The cases were unpicked, 
as the tests were applied almost routinely, unless objected to by the 
parents. A uniform method of applying the tuberculin and recording the 
results was adopted, using the intracutaneous method of Mantoux (2), 
with 0.1 cc. of the tuberculin, which was prepared twice weekly by Dr. 
Seibert, of the Department of Pathology. Having determined by 
previous use of the materials that a 1:100 dilution of the $.M.T. was 
apparently no more likely to give undue reactions than a 1: 1000 dilution 
of O.T., and gave reacting areas of about the same size, these dilutions were 
used routinely in our series. In some cases, in which a definite contact 
history was obtained, or the reactions were doubtful, the tests were 
repeated with 1:10 dilutions of S.M.T. (10 mgm.) and 1:100 dilutions of 
O.T. (1 mgm.), but these are not reported here because they were not 
routinely performed. Readings of the reactions were made at 48 hours, 
recording the diameters of the area of erythema in centimetres, and the 
amount of induration. The series here reported includes 1,000 white 
children between birth and fifteen years of age, of whom 340 had com- 
parative tests with both S.M.T. and O.T. in the concentrations given 


above. 
1. Comparative Reactions to S.M.T. and O.T. 


In conducting this comparative series, the tests were applied on 
opposite forearms, simultaneously, and recorded as described after an 
interval of 48 hours. The results are shown in table 1. 


TABLE 1 
Both S. M. T. 1-100 and O. T. 1-1000 negative. 290 


Of the 28 cases in which both were positive, the average diameter of 
the area of erythema was 1.96 cm. for the $.M.T. and 2.63 cm. for the 
O.T., with more pronounced induration in the case of the latter. The 
area of reaction to the O.T. was larger than to the S.M.T. in 12 instances, 
smaller in 3 instances, and of equal size in 13. 

Of the 19 cases in which the S.M.T. was positive and the O.T. negative, 
the average diameter of the area of reaction to the $.M.T. was 1.2 cm.; 
while, in the 3 cases in which the O.T. was positive and the S.M.T. 
negative, the average diameter of the reaction area was 0.8 cm. 
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It seems probable, from the results secured in this series, that, in the 
dilutions used, the S.M.T. is more sensitive than the O.T., especially in 
those cases in which the allergy is at a low ebb, as there was a rather 
large percentage of the children who reacted to the S.M.T. and not to the 
O.T. Bloch, Larson and de Guevara (7) found similarly a greater number 
of reactions to S.M.T. than to O.T., but did not feel justified in attribut- 
ing to the S.M.T. a greater specificity. The variance in our series would 
seem to be of significance. On the other hand, the presence of much 
smaller areas of erythema and of considerably less induration may indicate 
that the S.M.T. is less toxic and is reacted to less vigorously than the 
O.T., despite the seemingly greater sensitivity of the former. This may 
be due to the media and methods of preparation used. 


2. Influence of Intimate Contact and State of Disease on the Size of the 
Reacting Area 


A comparison of the average diameter of the reacting area in cases (1) 
with no demonstrable tuberculous disease and no history of intimate 
contact, (2) with positive contact history and no demonstrable disease, 
and (3) with definite tuberculous disease, in the entire series, is given in 
table 2. 


TABLE 2 
A A 

— Largest size —— Largest size 

cm. cm. cm. cm. 
No contact: oF diseases 1.7 6.0 1.2 2:5 


These results are in accord with the prevailing opinion that superinfec- 
tion due to repeated contact, or definite disease, both accompanied by 
heightened allergy, will generally cause more marked tuberculin reactions. 
The variations in size of the reacting areas are so considerable, however, 
that, in any individual case, definite predictions as to the state of the 
disease from the size of the reacting area are unwarranted. This has 
been pointed out by Dickey (8) and is corroborated by our series. 


3. Incidence of Tuberculous Infection as Indicated by Tuberculin Reactions 


Being assured that S.M.T. in a dilution of 1:100 is at least as sensitive 
as O.T. in the ordinarily used dilution of 1:1000, we have gathered the 
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Cuart 1. Comparison of the incidence of positive tuberculin reactions and of tuberculous 
disease among the contact and noncontact cases of our series. Note that among the contact 
cases under 5 years of age, all children with positive tuberculin reactions have active disease. 
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CuartT 2. Comparative incidence of positive tuberculin reactions, from figures by the 
following authors: Vienna, Hamburger and Monti (9); Philadelphia, Hetherington, et al. (11); 
Graz and Munich, Barchetti (10); Minneapolis, Harrington and Myers (12); Denmark, 
Krogsgaard (13); Bellevue, Smith (14); Massachusetts, Chadwick and Zacks (15); Ontario, 
Elliott (16); Minnesota, Slater (17). 
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records of 1,000 tests on children of various ages from the clinical material 
above described, tested with 1 mgm. (0.1 cc. of 1:100 dilution) of S.M.T. 
The results by ages and age-groups are given in table 3. 


AGE IN YEARS 


NUMBER OF CASES 


TUBERCULIN POSITIVE 


PER CENT POSITIVE 


0-1 


4-5 


28 


1-2 63 
2-3 51 
3-4 78 


68 


288 


92 


72 


6-7 90 9 
7-8 93 10 10.7 
8-9 83 12 14.4 


76 


11-12 62 14 
12-13 56 9 16.1 
13-14 52 11 21.1 
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36 
282 
1,000 


_ This incidence of positive reactions, 14.5 per cent, is rather low for a 
large city, but most of the clinic material was drawn from the middle- 
class population, in which the incidence of tuberculous infection is far 
below that found in crowded tenement districts. That the incidence of 
infection is lower in most American localities than in European cities, is 
demonstrated in chart 2, showing graphs from published series of tuber- 
culin tests. With the exception of the reports from Philadelphia and Min- 
neapolis, the European figures are uniformly higher than the American, 
especially in the early years of childhood. The curve from Massa- 
chusetts represents one of the largest cross-section population groups 
ever reported, the compilation by Chadwick and Zacks (15) of results 
from testing 42,000 Massachusetts school-children, where the general 
average for the entire group was 28.5 per cent tuberculin-positive. A 
similar study of 25,000 school children in North Carolina by McCain 


|| 
1 3.5 
5 7.9 
3 5.8 
7 9.0 
6 8.8 
0-5 = 22 7.6 
5-6 a 12 13.0 
9-10 17 23.6 
5-10 430 60 14.0 
; 10-11 18 23.6 
14-15 11 30.5 
10-15 63 22.3 
: 0-15 145 14.5 
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(18) revealed an incidence of 22.7 per cent among white and 27 per cent 
among negro children. A recent report by the same author (19) shows 
only 15.7 per cent positive reactors among 99,653 children tested. These 
figures, as well as our findings, bear out the assertion of Myers (3) that 
the incidence of tuberculous infection among American children is lower 
than formerly thought to be and lower than in Europe. 


4. Influence of Sex on Tuberculin Reactions 


Of the 1,000 children tested, there were 531 males, with 71, or 13.3 
per cent, tuberculin positive, and 469 females, of whom 74, or 15.7 per 
cent, were positive. This finding is somewhat at variance with the 
reports of others, as Myers (20) and Chadwick (15) found a slightly 
higher percentage of positive reactions among boys, although a relative 
rise in incidence occurs in girls during the teen years. 


5. Influence of Allergic Diseases on Tuberculin Reactions 


The impression is common that asthmatic individuals have more 
resistance to tuberculosis than others. Dickey (8) states that smaller skin 
reactions occur in asthmatic individuals than in nonasthmatics. We 
were interested in seeing whether the incidence of infection, as indicated 
by positive skin reactions, was less among those children who had allergic 
diseases. There were 75 children with definite histories or findings of 
allergic disease, including asthma, hay-fever, urticaria and eczema with 
eosinophilia, of whom 8, or 10.6 per cent, had positive reactions. None 
of these had active tuberculous disease but two had definite calcifications. 
The series is too small for definite conclusions to be drawn, but the 
incidence is below the general average of 14.5 per cent. 


6. Influence of Contact on the Tuberculin Reaction 


It has long been recognized by investigators that intimate contact 
with open tuberculosis is an important factor in the dissemination of the 
disease, but the careful studies by Opie and McPhedran (21) of 350 
tuberculous families have crystallized the conviction that this is essen- 
tially a family disease, not by inheritance but by prolonged contact. The 
recorded percentages of positive tuberculin reactions in the children of 
tuberculous families vary usually from 50 to 90 per cent, even in the 
early years of life. Table 4 gives corresponding percentages in our 
series, by age-groups, indicating the significance of a history of early 
contact with active tuberculosis. 
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TABLE 4 


NUMBER OF CASES POSITIVE PER CENT POSITIVE 


AGE-GROUP 


years 


0-5 { Contact 19 8 42.0 
\ 


Noncontact 269 14 See 


Contact 40 


Noncontact 


16 
47 


28 
254 


Contact 
Noncontact 


40 
105 


87 
913 


Contact 
Noncontact 


II. TUBERCULOUS DISEASE 


We have previously shown that of 1000 children whose tuberculin 
reactions have been recorded, 145 were found to be tuberculin-positive. 
Of these 145 children, roentgen-ray examinations of the chest were made 
in 97 cases. In addition, roentgenograms of the chest were secured on 46 
tuberculin-negative children of this same series. The essential findings 
are reported in table 5. 


TABLE 5 
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Among the tuberculin-positive cases, the most frequent single lesions are 
the hilum lymph-node involvements, especially true in the age-group of 
5 to 10 years, a significant finding due to the absence of demonstrable 
parenchymatous lung lesions. In the early years of life, the association 
of lung lesions with the regional hilum lymph-node involvement, con- 
stituting Ranke’s (22) Primdrkomplex is more frequent. Demonstrable 
calcium deposition is comparatively infrequent in the early years, calcified 
hilum lymph nodes being evident in only two children of 2 years and one 
of 3 years of age. This is in accordance with the observations of Bigler 
(23) and McPhedran (24) that calcifications seldom occur before two 
years of age. 

In the tuberculin-negative cases, it is interesting to note that 8 cases 
had definite calcifications of the hilum lymph nodes or of primary lung 
lesions (Ghon tubercles (25)), yet failed to react to tuberculin in the 
dilution used routinely. Of these cases, one was negative to 0.1 mgm. 
O.T. (0.1 cc. of 1:1000 dilution) in addition to the S.M.T.; a second was 
negative to the S.M.T. in amounts of 10 mgm. (0.1 cc. of 1:100 dilution) 
in addition to the routine amount; while a third case was negative to 1 
and 10 mgm. of S.M.T. and 0.1 and 1 mgm. of O.T. Although some of 
the 8 cases might have been positive to amounts of tuberculin larger 
than those used, it seems that at least the last two cases mentioned 
must be considered as definitely tuberculin-negative, despite the presence 
of calcified hilum lymph nodes. Austrian (26) has recorded 10 cases 
which became tuberculin-negative within eight years after having had 
definite tuberculous infections with positive tuberculin reactions. 


1. Clinical Diagnoses and Findings 


The clinical diagnoses were established after consideration chiefly of 
the factors, contact history, tuberculin reaction, roentgen-ray examina- 
tion, general physical examination, temperature record over a period of 
two weeks, and detection by staining or guinea-pig inoculation of the 
tubercle bacillus from the sputum, aspirated fluid (pleural or peritoneal) or 
stomach washings. The latter procedure was carried out according to 
the technique of Poulson, Jensen and Husted (27). The clinical di- 
agnoses are shown in table 6. Several of the cases had both extra- and 
intrapulmonary involvement; altogether there were, of the 1,000 children 
examined and tested, 26, or 2.6 per cent, in which a diagnosis of active 
tuberculosis was made. 

Three cases with parenchymatous lung lesions definitely fitted, in their - 
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roentgen-ray appearance and clinical course, the classification of ‘‘epi- 
tuberculosis” advocated by Eliasberg and Neuland (28). Illustrative 
of these is a two-year-old boy, R.S., first seen on May 6, 1930, with a 
history of contact with his mother, who had active pulmonary tuber- 
culosis. The tuberculin test was positive and the roentgenogram showed 
large right hilum lymph nodes, but the temperature was normal, the 
nutrition good and examination of the chest was negative. After a 
summer in the country away from his parents, he was improved, but he 
returned on November 26, 1930, with symptoms of cough and irritability. 
Both physical and roentgen-ray examination of the chest revealed con- 
solidation of almost the entire right upper lobe (figure 1, left). He was 


TABLE 6 


Intrapulmonary lesions 
Combined hilum lymph-node tuberculous and parenchymal lung lesion, active........ 9 
Parenchymal lung lesion, active......... 
Latent or questionable hilum tuberculosi 


Extrapulmonary lesions 


Tuberculous meningitis and tuberculoma of the brain......................0....0005. 1 


kept under observation in the hospital for over two months, during which 
time he gained weight, his temperature did not exceed 38.5°C., and the 
lesion showed progressive clearing (figures 1 and 2). The guinea-pig 
inoculation from the stomach washings was positive for the tubercle 
bacillus. When seen in June, 1931, he had gained more than five pounds 
for the year, the examination of the chest was negative, and the roent- 
genogram showed the lung almost entirely clear (figure 2, right), but the 
large hilum lymph node remained. 

The patient with tuberculoma of the brain and tuberculous meningitis, 
who represented the sole mortality of the series, presented at autopsy a 
large caseous area in the right lung, partially calcified, with a chain of 
calcifications extending from the original lung lesions inward to the 
hilum lymph nodes and up to the bifurcation of the trachea. ~ 
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The two children with keratoconjunctivitis, who were 2 and 3 years of 
age, had definite hilum lymph-node tuberculosis, and the two-year-old 
child, a Mexican boy, developed an area of definite lung infiltration. 


Fic. 1. Left: R.S., November 26, 1930: Right upper lobe almost completely consolidated. 
Right: December 4, 1930: The lung shows clearing. 


Fic. 2. Left: R. S., January 13, 1931: Absorption of exudate. An interlobar thickening 
is seen. Right: January 27, 1931: Lung field almost clear; large hilum lymph-node persists. 
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The patients with erythema nodosum, boys aged 7 and 10 years, had no 
history of rheumatic involvement, while both had positive tuberculin 
reactions and tuberculous lesions; latent hilum tuberculosis was present 
in one case, and calcified primary lesion and active lung infiltration in the 
second. These findings seem clearly to associate the erythema nodosum 
with the tuberculous infections. 


2. Influence of Contact History on the Incidence of Active Tuberculous 
Lesions 


The intimate relationship between contact with open adult tuberculosis 
and tuberculous disease in children, demonstrated by Opie and Mc- 
Phedran (21) and Richdorf and Hetzler (29), is borne out in our series. 
In chart 1 is shown the relative proportions of infections and of active 
disease in the contact-positive and contact-negative groups at the various 
ages. This is related by Redeker (30) to the factor of heavy reinfection in 
the early stages, when heightened allergy and low resistance predominate. 
Rich (31) inclines to a similar view, showing that the infected body, as a 
result of the allergic state, is markedly sensitized to the toxic action of the 
tubercle-bacillus protein. Myers (20) thinks that the adult type of 
tuberculosis is always a result of reinfection, which is especially likely 
when the contact is intimate. It is certain that the incidence of tuber- 
culous infection and of active disease in children is tremendously in- 
creased by intimate contact, as occurs in the tuberculous family. 


3. Clinical Findings in Childhood Tuberculosis 


The frequent absence of all symptoms or physical findings in the face 
of active tuberculosis in children is striking, and especially true for 
hilum lymph-node and lung involvements. Chadwick (4), as a result of 
experience with a large series of cases, states that examination of the 
chest is of little value except in advanced cases; that, when rales are found 
in children, the condition is usually nontuberculous. In the 20 cases of 
active pulmonary or hilum lymph-node disease in the present series, 
only four had physical findings referable to the lungs; two had rales; 
the other two had evidences of consolidation. 

Temperature elevation on frequent occasions, when checked over a 
period of two weeks, was of value, being found in 16 of the 26 cases 
considered active. Such symptoms as cough, night-sweats, anorexia 
and fatigue could not be correlated with tuberculous disease in most 
instances. 
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The effect of tuberculous infection and disease on nutrition is of 
interest. The state of nutrition, as judged by comparison with the 
standards for normal boys and girls by the weight-height-age tables 
of Baldwin and Wood (32) for older children and of Woodbury (33) for 
infants, was determined for 135 of the 145 tuberculin-positive children 
of this series (table 7). 


TABLE 7 
Nutrition by weight-height-age standards 


WITHIN 
RANGE OF BELOW 
8 PER CENT —8 PER 
TO CENT 
—8 PER CENT 


11 11 4 26 
52 25 32 109 


The group with positive tuberculin tests but no active disease evinces 
normal nutrition. In the group with active disease, although the general 
average is distinctly lower, yet malnutrition is not a feature, since 15 of 
the 26 cases, or 57 per cent, were in a normal state of nutrition. The 


general average is lowered by several cases of very severe disease, es- 
pecially those with bone tuberculosis. Apparently, in children, only 
the very severe or long-continued tuberculous infections have a definite 
influence on growth and nutrition. 


CONCLUSIONS 


1. In a comparative series of tests on children, Synthetic Medium 
Tuberculin in a dilution of 1:100 was reacted to more frequently but less 
vigorously than Old Tuberculin in a dilution of 1:1000. The influence 
of the factors of specificity and toxicity remains to be determined. 

2. In a middle-class population in Chicago, the low incidence of 
positive tuberculin reactions, 14.5 per cent, and of active tuberculosis, 
2.6 per cent, was found among children under 15 years. 

3. A definite history of contact with adult tuberculosis is associated 
with larger reacting areas, and a greater incidence of infection and of 
tuberculous disease. 

4. Roentgen-ray examinations of the chest showed evidence of 
abnormality in the lungs or hilum lymph nodes in 43 of 97 tuberculin- 
positive cases; of these, 20 had active lesions, equally divided between 
lung parenchyma and hilum lymph nodes. 


4 GENERAL TOTAL 
AVERAGE | CASES 
per cent 
Tuberculous 
No tuberculous disease................. 
q 
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5. Physical findings, with the exception of temperature elevation, are 
of comparatively little value in the diagnosis of childhood tuberculosis; 
the nutrition is appreciably disturbed only in advanced disease. 


I wish to express my appreciation to Dr. Seibert, of the Department of Pathology, who 
kindly prepared the tuberculin used in this study and gave valuable suggestions as to its use; 
also to the Pediatric Out-Patient Staff, without whose assistance this work could not have been 
accomplished. 
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THE PROGNOSIS AND TREATMENT OF RESOLVING PAR- 
ENCHYMAL TUBERCULOSIS OF FIRST INFEC- 
TION IN INFANTS AND CHILDREN? 


CHESTER A. STEWART 


For years the opinion has prevailed quite generally that an initial 
infection by the Mycobacterium tuberculosis occurring in infancy usually 
resulted in death, and that the prognosis was increasingly unfavorable 
the younger the age at which a primary infection was experienced. As 
a rule, little or no hope for recovery was entertained when the disease 
was contracted during the first two or three years of life, and the very 
young infant was looked upon as having practically no resistance to 
tuberculosis. This older conception of a child’s lack of resistance to the 
disease was justified in a measure by the appreciable frequency with which 
death was observed among young children from disseminated forms of 
tuberculosis, and by the practical certainty of a fatal outcome in infants 
and young children in whom a clinical diagnosis of tuberculosis could be 
established. There is good reason to suspect, however, that, before the 
introduction of the tuberculin test by Pirquet, and of the X-ray examina- 
tion, primary tuberculous infections no doubt were seldom detected early 
enough to permit prompt separation of the child from the source of its 
infection, and thereby afford the natural powers with which an infant 
is endowed at birth to overcome tuberculosis, an opportunity to operate 
under favorable circumstances. Through the continuance of exposure 
opportunities for repeated infection prevailed, and the child usually had 
developed widespread and fatal forms of the disease either before the 
real nature of the patient’s ailment was appreciated, or before medica] 
care was sought. In the past, before reliable diagnostic methods were 
available, the voluntary separation of infants from sources of infection 
probably was seldom instituted promptly, and those infants who were 
given a chance to survive their initial infection without having their 
natural resistance to tuberculosis overwhelmed by repeated infections 


1 From the Department of Pediatrics, University of Minnesota, Minneapolis, Minnesota. 
* Read before the Mississippi Valley Tuberculosis Association, St. Paul, Minnesota, 
September 12, 1931. 


597 


598 CHESTER A. STEWART 


were limited largely to the instances in which death removed the tuber- 
culous adult from the child’s environment at an early age. Thus physi- 
cians of previous generations were denied an opportunity to study primary 
tuberculous infections adequately, and to them the ability of an infant 
to survive such an experience was seldom revealed. If physicians of the 
present time were deprived of two indispensable diagnostic methods, the 
tuberculin test and X-ray examination, knowledge of the clinical course 
and characteristics of initial infections by the Mycobacterium tuberculosis 
would still be meagre and its recognition would be exceptional. Under 
such circumstances, our conception of primary tuberculosis would be 
based on the results of a human experiment (or experience), many im- 
portant details of which are neither known nor controlled: a situation 
which might easily create an undue apprehension concerning the ability 
of an infant or child to withstand a primary tuberculous infection. 

In the light of new information yielded through the employment of 
tuberculin tests and X-ray examinations, the former consensus of opinion 
that an infant manifests a very weak resistance to tuberculosis is being 
challenged, and one frequently reads statements in the more recent litera- 
ture to the effect that the prognosis of tuberculosis in infancy and child- 
hood is not as poor as it was formerly considered to be, and not a few 
studies have been reported indicating that, even during the first year of 
life, the ability to withstand and overcome tuberculous infections is at 
times almost unbelievable. To this may be added that to date there 
has been no indisputable proof that the natural power with which we are 
endowed by nature to withstand and overcome a tuberculous infection 
is stronger in the uninfected adult than in the uninfected baby. After 
personally witnessing a few known primary infections in medical students 
and nurses and comparing the clinical course of the disease in these young 
adults with that observed from a similar condition in infants, the advan- 
tage seems to be somewhat in favor of the latter. A rather limited ex- 
perience, therefore, creates the impression that less disability is experi- 
enced when primary tuberculous infections occur during infancy and 
childhood than later. 

It is the purpose of this paper to present observations on a fairly large 
group of infected children studied with particular reference to the type 
or stages of primary tuberculosis present in this group, calling attention 
to clinical observations on a considerable number of cases which revealed 
the transformation of primary parenchymal tuberculous lesions from the 
earliest known acute stage through the various stages of resolution to the 
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final production of the typical permanent, quiescent, calcified condition, 
with the knowledge that these observations substantiate previously 
published reports of various authors dealing with this subject (see ref- 
erences 1 to 19 inclusive), hoping that they may add to the clarification 
of our understanding of this subject, and support statements made in 
preceding paragraphs. In addition I wish to establish the undesirability 
and lack of necessity of instituting sanatorium care for this condition 
at any stage of its evolutionary development. 

In a study made recently (Stewart (22)) of 5,816 Lymanhurst children, 
ranging in age from a few months to seventeen years, 1,835 (31.6 per 
cent) were found to have positive Pirquet reactions. These 1,835 re- 
actors, as a group, had experienced a primary infection by the Mycobac- 
terium tuberculosis, and were therefore considered as having childhood 
tuberculosis, using the term in the wider sense as designating individuals 
whose bodies harbor a focus of primary tuberculosis located usually but 
not necessarily exclusively within the thorax. Forty-five of these children 
who also had lesions characteristic of the adult type of tuberculosis were 
excluded, which left 1,790 children known to have experienced a primary 
tuberculous infection, but in whom no evidence of reinfection could be 
demonstrated. From the standpoint of careful and repeated X-ray 
examinations these 1,790 children having the primary type of tuberculosis 
exclusively may be divided into the following four groups: 


1: Cases having primary tuberculosis in which no lesions are demonstrable 
by X-ray examination. This group included 974 individuals, or 54.5 per cent 
of the 1,790 cases of primary tuberculosis. 

2: Cases having primary tuberculosis with calcification of intrathoracic lymph 
nodes demonstrable by X-ray examination. This group included 471 indi- 
viduals, or 26.3 per cent of 1,790 cases of primary tuberculosis. 

3: Cases of primary tuberculosis having demonstrable Ghon tubercles associ- 
ated with calcified intrathoracic lymph nodes. This group ranked third in 
size, including 279 individuals, or 15.6 per cent, of the 1,790 cases of primary 
tuberculosis. 

4: Cases of primary tuberculosis having resolving parenchymal lesions demon- 
strable by X-ray examination. This is the smallest of the four groups, amount- 
ing to 3.7 per cent (66 children) of the 1,790 cases of primary tuberculosis. 


The individuals included in the first three groups collectively consti- 
tuted about 96.3 per cent (1,724 cases) of the entire group of 1,790 infected 
children considered as having primary tuberculosis exclusively. These 
1,724 children differed from one another solely on the basis of X-ray 
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findings, and were individually indentical, in that no cases were suffering 
from any symptoms referable to tuberculosis, none was aware of the time 
at which the infection occurred, all were enjoying good health, and all 
were allergic to tuberculin. As a group, without the application of the 
tuberculin test and the use of the X-ray, they are indistinguishable from 
normal, healthy, uninfected children. The majority of the infected 
children falling in the three clinical groups just mentioned have been under 
observation from one to eleven years, during which period the recognized 
primary tuberculous lesion (excluding the resolving, parenchymal infil- 
trations) have remained absolutely quiescent, tending to become more 
intensely calcified as time elapsed. Furthermore, during the past ten 
years of study at Lymanhurst, we have never seen a calcified lesion of 
primary tubrculosis flare up and extend into the surrounding tissues, nor 
have we seen a second crop of calcified primary tuberculous lesions de- 
velop in any child in whose body primary lesions had already been recog- 
nized and identified. In general the impression is gained from a fairly 
large experience that infected children belonging to the first three groups 
previously mentioned have nothing to fear in the future so far as their 
primary tuberculous lesion is concerned, and also that the human body 
can react only once in resolving a tuberculous infection into what is 
known as the primary complex. In this connection it is interesting to 
note that Opie (21) was unable to find focal tuberculosis of the lung in 
any instance in which the primary tuberculosis involved the mesenteric 
lymph nodes. The occurrence of multiple foci of primary tuberculosis 
developing simultaneously in various parts of the body as a result of an 
initial infection apparently is rather uncommon, but undoubtedly must 
happen occasionally. 

In the present study 66 children were discovered who had resolving 
parenchymal lesions of first infection. They constituted about 3.7 per 
cent of the 1,790 cases diagnosed as having primary tuberculosis exclu- 
sively. As a group they represent the initial or early stage of primary 
tuberculous infection of the lung, received probably in fairly massive 
dosage. Only a few such cases need be witnessed to convince one that 
infants and children possess remarkably efficient natural powers to resist 
initial infections of this type by the Mycobacterium tuberculosis. At this 
point, therefore, I wish to present observations on a few of these cases 
considered to be representative of the early stages of comparatively mas- 
sive primary parenchymal tuberculosis as seen in infants and young 
children. 
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Case 1: P. F. This patient was admitted to the University Hospital April 4, 
1931, at which time she was seven months of age and weighed 7,150 gm. The 
child had been coughing for the past four months, and recently had developed 
an inspiratory-expiratory stridor, listlessness, and anorexia. After admission 
the rectal temperature ranged to 103° F. for several days, and then began to 
subside slowly, gradually reaching normal thirty-one days after hospitalization. 
The intracutaneous test was positive, and tubercle bacilli were isolated from 
the gastric contents. X-ray pictures revealed a consolidation in the right 
lung, and by thoracentesis a small amount of clear fluid was obtained. During 
the stay in che hospital the patient’s general condition gradually improved. 
When discharged on June 28 the body weight was 9,000 gm. The patient 
appeared to be in perfect health, and was temperature-free, eating well and 
gaining weight satisfactorily. The pulmonary consolidation, however, had 
remained practically unchanged during the interval. 


Case 2: L. F. was a sister of case 1. She was admitted to the hospital April 
8, 1931, at which time she was 21 months of age, and weighed 15,205 gm. 
The intracutaneous test was positive, and X-ray examination revealed a dense 
wedge-shaped infiltration extending laterally from the left hilum region. This 
infant remained temperature-free while in the hospital, and was in excellent 
condition when discharged, although the intrathoracic lesion had remained 
unchanged. Since leaving the hospital ten months ago these two children 
have continued to do well. Their hospital treatment included ultraviolet 
irradiation, codliver-oil administration and general care. The father was the 
source of infection in these two cases. These children were dismissed from the 
hospital after the father was placed in a sanatorium, since in the opinion of 
the staff the various therapeutic procedures being used in the hospital could 
be continued satisfactorily in the home. 


Case 3: L. L. Was examined in July, 1930, age 11 months, weighing 9,050 
gm. At this time her tuberculin test was positive and X-ray examination 
revealed a rather large infiltration in the upper right lung field, in spite of which 
the rectal temperature was only 99.8° F. and the infant did not appear ill. 
During August and September, 1930, the baby failed to gain weight and con- 
tinued to run a low-grade fever. Thereafter she improved gradually and in 
October, 1930, weighed 22 pounds and 6 ounces. She has had repeated chest 
films that revealed a slow resolution of the parenchymal tuberculous lesion, 
which was completely replaced by a cluster of Ghon tubercles in April, 1932. 
The father was the source of infection in this case and entered a sanatorium 
about the time the child was eleven months old. During the past year the 
patient has remained at home with the mother, has been perfectly well, and 
‘weighed 27$ pounds, at the age of 26 months. The mother was examined and 
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Fic. 1. SHows PARENCHYMAL INFILTRATION OF PRIMARY TUBERCULOSIS ON THE RIGHT 
WuicH LATER RESOLVED 


Fic. 2. SHows AN INcONsPIcuOUS GHON TUBERCLE ON THE RIGHT SIDE, THE PERMANENT 
SCAR RESULTING FROM THE PARENCYHMAL INFILTRATION PRESENT IN 1925 


found to be free from tuberculosis. In this case the treatment included general 
good home care, and the administration of codliver-oil. The results obtained 
probably could not be improved upon, and illustrate not only what can be ac- 
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complished in such cases by proper home care provided all sources of infection 
are removed, but also how successfully this young child is handling the disease. 


Case 4: C. J., was seen in 1925 at the age of 2 years. Weight at that time was 
274 pounds and the tuberculin test was positive. At this time X-ray examina- 
tion revealed a large parenchymal lesion (figure 1) in the right upper lung field. 
For a period of nine months a low-grade fever was present, at times reaching 
99.6° F. The lesion slowly resolved, leaving an inconspicuous Ghon tubercle, 
as shown by the X-ray taken in 1930 (figure 2), at which time the weight was 
58 pounds and the age was eight years. 


Case 5: M. R., age 6 years. First seen in May, 1924, at which time a lesion 
was observed in the left upper lung field. This was discovered accidentally 
in the routine examination of an apparently healthy child in whom the tuber- 
culin test was positive. At no time has the mouth temperature registered 
over 98.6° F. There was no known exposure, and since the parents were free 
from tuberculosis the child remained at home and thrived under general good 
care. At the age of seven years she weighed 667 pounds and 90 pounds at the 
age of 10 years. The parenchymal lesion slowly resolved, leaving three small 
Ghon tubercles revealed by chest films taken in 1930. 


Case 6: L. U., age 7 years, weight 443 pounds. Examined in November, 1926, 


at which time an inconspicuous parenchymal tuberculous lesion was revealed 
by chest films on the right side. The tuberculin test was positive. Since 
the mother had died recently of tuberculosis and there was no further exposure 
to the disease, this patient remained at home, where he received the ordinary 
care given children in less than average financial circumstances. Under this 
regimen he thrived, and in 1931, when 12 years of age, weighed 653 pounds. 
During this interval he has remained in excellent health and his chest plate 
now shows a large Ghon tubercle at the site of the parenchymal lesion which 
once existed. 


Case 7: P. B. A large parenchymal lesion was discovered in 1922 in a tuber- 
culin-positive child at age of 2 years. At that time the patient was not ill 
to all outward appearances. Since there was no further exposure to tuber- 
culosis she remained at home receiving ordinary good care. In 1924 a large 
Ghon tubercle was present at the site of the parenchymal lesion which had 
gradually resolved. In 1931 she is perfectly well, and the Ghon tubercle has 
remained unchanged during the past seven years. 


Case 8: G. E., age 8 years. First examined in September, 1930, at which time 
a parenchymal lesion extending laterally from the left hilum region was dis- 
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covered by X-ray. The tuberculin test was positive. During the past year 
she has been temperature-free, has gained weight, complained of no feeling of 
illness, and has not missed a day at school. At the present time she weighs 68 
pounds and recent X-ray reveals that the lesion has entirely resolved. 


The above cases were selected from a group of 69 children,? all of whom 
reacted positively to the tuberculin test and had resolving parenchymal 
tuberculous lesions of first infection by the Mycobacterium tuberculosis. 
The 8 selected cases and the entire group of children having this type of 
lesion as a rule were not particularly ill, and generally did well if given 
good hygienic care and were protected from further exposure to tuber- 
culosis. As a group they represent the initial stage of primary tubercu- 
lous infection of the lung, received probably in fairly massive dosage. 
It is truly remarkable how little the general health of the infant or child 
may be disturbed although harboring an extensive pulmonary lesion. 
At times a high fever, listlessness, cyanosis, dyspnoea, stridor, anorexia, 
diarrhoea and weight disturbance are noted for a period of a few weeks 
following the initial tuberculous infection. The children presenting 
these acute symptoms may be examples either of exceedingly massive 
infection or of repeated sublethal infections occurring during a period of 
a few weeks or months, in which instances the single large dose or the 
summation of repeated infections fails to completely overwhelm the child’s 
natural powers of resistance. There is a limit to which this natural 
resistance may be abused without being overcome, but apparently its 
zone of safety is sufficiently broad to permit us time and opportunity to 
save the life of practically every infected baby, provided we are reasonably 
prompt in discovering the infected infant and in protecting it thereafter 
from further infection. When this is done efficiently we commonly see 
resolution of extensive parenchymal lesions, and restoration to normal 
health proceeding simultaneously, and during the entire time these re- 
parative changes are taking place the child is strongly allergic to tuber- 
culin. I do not wish to imply that allergy plays any beneficial réle in 
favoring the recovery of these patients, but rather to point out the facts 
mentioned above. To see children successfully overcome these extensive 
pulmonary lesions without the necessity of employing special thera- 
peutic measures aside from good hygienic care, proper feeding, codliver- 
oil administration and ultraviolet irradiation is both impressive and 
encouraging. Recovery seems to require no special hospitalization, but 


* Three cases were added which were not included in the Lymanhurst series. 
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does require protection from reinfection, and many patients do well with- 
out ultraviolet-light treatment. In the writer’s opinion recovery from a 
severe primary pulmonary tuberculous infection occurring at any age 
depends, first, on natural resistance, second, on absolute protection from 
reinfection, and, third, upon ordinary good common-sense care. If re- 
infections are not prevented the patient is apt to die of tuberculosis in 
spite of the best medical and nursing care which neglects this point. 
If reinfections are prevented the chances of recovery are excellent even 
though the general hygienic care given the patient is not all that is de- 
sired. 

This latter point is illustrated by a group of 41 Lymanhurst children. 
Each child in this special group has one or more Ghon tubercles demon- 
strable by X-ray films of the lungs. In each of these cases we know that 
a parenchymal lesion of primary tuberculous infection was present at 
one time, but none of these patients knows when the disease was contracted. 
These children then enjoyed life without a thought of tuberculosis, and 
on examination one accidentally finds the scars which prove that their 
pulmonary disease had passed from the parenchymal of the calcified in- 
conspicuous stage during a period in which no particular attention or 
precaution in health habits and regimen of living had been exercised. 
This state of affairs certainly is not to be recommended, but it illustrates 
that children withstand and overcome primary tuberculous lesions very 
well, even under circumstances which generally would not be looked upon 
as being particularly favorable. These cases testify to the remarkable 
natural resistance with which the child’s body is endowed to overcome 
tuberculosis when contracted for the first time, which when aided by good 
care and protection from being overwhelmed by reinfection seldom fails 
to prevent the patient from dying from tuberculosis. I personally doubt 
that a child ever dies from a single first infection by the Mycobacterium 
tuberculosis in the dosage usually received in human experience. Its 
natural resistance will save its life if it is not repeatedly assaulted by re- 
infections. This opinion is strengthened greatly by one remarkable in- 
stance which will be briefly recounted. 


Case 9: F.O. This patient had a severe attack of pneumonia at the age of 
five months (April, 1920), but seemed to recover entirely within ten days. 
At seven months of age a rash appeared on the face, associated with the de- 
velopment of asevere photophobiaand lachrymation. These symptoms shortly 
subsided and a second attack of pneumonia developed when the infant was 
eight months of age. This illness was rather severe and protracted, being 
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characterized by continued listlessness, anorexia, coughing, photophobia, and 
a failure of the consolidation present in the right lung to resolve. When the 
child was ten months of age (October, 1920) an uncle and the mother died of 
pulmonary tuberculosis, and in December the baby was admitted to the Uni- 
versity Hospital as a hopeless case of pulmonary tuberculosis. On admission 
her tuberculin test was strongly positive. The X-ray examination at this time 
revealed a consolidation, involving practically the entire right lung and a 
portion of the left lung. Tuberculides were present on the face and buttocks, 
and the eyes presented a phlyctenular conjunctivitis and keratitis with corneal 
ulceration. A bilateral otitis media also was present. Shortly after entering 
the hospital the patient developed meningeal symptoms, but the spinal fluid 
was negative for tubercle bacilli and for excess of cells. The meningeal symp- 
toms included rigidity of the neck, spasticity of the extremities, fine tremors, 
hyperaesthesia, and increasing stupor. During this time the cutaneous tuber- 
culin reaction (Pirquet) became progressively weaker and in January, 1921, 
was negative. After an interval of seventeen days the Pirquet test gave a 
faintly positive reaction and three months later was again strongly positive. 
During January and February, 1921, the baby was expected to die of tuber- 
culous meningitis complicating the pulmonary tuberculosis present, but sub- 
sequently, to the surprise of the staff, began to show improvement. Later 
the child developed a pyuria which proved very chronic and in April, 1921, 
the left kidney was found to be tuberculous and was removed. As the weeks 
and months passed the child began to improve slowly and the pulmonary con- 
dition gradually resolved slighlty. She was discharged in April, 1922, after 
a period of about sixteen months of hospitalization. At this time she was 
alert, in fairly good nutrition (weight 26 pounds) and was symptom-free, in 
spite of the fact that an extensive pulmonary consolidation was still demon- 
strable in the right lung by X-ray examination. The treatment given this 
child while in the University Hospital included general good nursing care, 
feeding, codliver-oil administration and nephrectomy. Subsequently, when 
she was transferred to a Sanatorium, alpine-light irradiations also were given. 
To-day this patient is a very robust child, attending the Lymanhurst school 
for tuberculous children, and the X-ray reveals five inconspicuous Ghon tu- 
bercles in the right lung. 


This case is an example of a tremendous tuberculous infection which 
this infant’s natural powers of resistance successfully overcame. In this 
instance the recovery was aided by nephrectomy and general good hos- 
pital and sanatorium care. One can easily imagine, however, how futile 
the medical care would have proved had the child not possessed wonderful 
inherent natural powers for overcoming the infection. 

Resolving parenchymal tuberculous lesions resulting from primary 
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infections are found at all ages during childhood, but apparently occur 
with greater frequency in the first half of this period than later. The 
percentage yearly distribution of such lesions is represented by the curves 
shown in figure 3. The lower curve A is based on observations on 5,816 
children which included 3,981 and 1,835 individuals who had negative 
and positive tuberculin reactions respectively. For this combined group 
the number of cases having resolving parenchymal lesions increased to 
an average maximum of 3.4 per cent between the second and third year 
of life, and thereafter gradually decreased as age progressed. The upper 
curve B (smoothed by graphic interpolation) represents the situation 
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Fic. 3. SHOWS THE PERCENTAGE INCIDENCE OF RESOLVING PARENCHYMAL LESIONS AT 
Various AGES DURING CHILDHOOD 


found in the 1,835 children who had positive Pirquet tests, and shows for 
this group of infected children a rapid rise to a maximum incidence of 
17.2 per cent between two and three years of age. Thereafter the per- 
centage incidence rapidly declined until the fifth year, and then con- 
tinued to diminish at a slower rate. In infected children, therefore, it 
appears that resolving parenchymal lesions are relatively more common 
in the younger than in the older groups, and this is particularly true of 
the age-period covering the first two or three years of life, a time when 
special therapy might seem particularly indicated. A survey of the 
literature suffices to convince one that no special therapy has been dis- 
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covered to date which has any striking influence on the course of the dis- 
ease. In general, the therapy reported in infants who have recovered 
has included the administration of codliver oil, alpine-lamp exposures, 
careful feeding, and general hygienic care. It is perfectly evident that 
no one of these procedures requires hospitalization; thus sanatoria have 
nothing definitely advantageous to offer which cannot be carried out in 
any good home under medical supervision. In addition, home care of 
these cases may have certain advantages that far outweigh any reasons 
for group care in sanatoria. 

The superiority of home care for children having the childhood type of 
primary pulmonary tuberculosis is emphasized by considering the dis- 
couraging results of institutional care of infants who, as a group, are not 
suffering from the handicap of tuberculosis. Chapin (20), who has given 
considerable thought to the question of institutional care of infants, 
points out that the danger of institutionalization is in direct proportion to 
the age, being very great under one year and diminishing as children grow 
older. He calls attention to the statistics of the New York State De- 
partment of Charities for 1909 to 1913 for eleven institutions in the state, 
in which the death-rate for babies under two years of age during the 
period varied in the different institutions from 183 to 576 per 1,000, with 
an average of 422.5 per 1,000. During these same years the death-rate 
for children under two years of age, based on the estimated population 
at that age, was 87.4 per 1000, or about one-fifth of that prevailing in 
institutions. In addition Chapin mentions that Dr. Alan Brown re- 
ported a mortality of 52 per cent for the Infants Home in Toronto in 
1918 to 1919. In 1920 a boarding-out system similar to the Speedwell 
plan established in 1902 by Chapin for placing infants in foster homes 
was adopted and during the four following years the Toronto mortalities 
dropped, amounting to 18, 3.8, 2.6, and 3.2 per cent respectively. In 
New York the mortality among children placed in foster homes under 
the Speedwell plan has been very low (5 deaths in 360 children in 1924), 
and the children so placed have generally shown marked physical improve- 
ment and have experienced relatively few attacks of communicable dis- 
ease. Recently I heard Dr. Joseph Brennemann call attention to the 
tendency with which acute upper-respiratory infections sweep through 
hospital wards, and point out how futile our attempts have proved to 
prevent such occurrences. More recently Dr. Brennemann has published 
his views on this subject. It seems evident that every children’s hospital 
in operation to-day is in fact a contagious hospital, attempting to care 
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for children without establishing adequate methods of preventing the 
ward spread of communicable diseases. Few if any such hospitals have 
applied rigid Pasteur technique for the protection of their young pa- 
tients, although hardly a pediatrician can be found who would not testify 
as to the advisability of establishing these protective measures. ‘There 
seems to be no escape from the conclusion that the collective care of in- 
fants is hazardous and is accompanied by an undesirable mortality of 
sufficient degree to render it inadvisable to consider subjecting tuberculous 
babies to similar additional dangers while they are convalescing. 

As pointed out in this paper, a considerable percentage of the cases 
having severe parenchymal tuberculosis, such as may result from primary 
infections, are discovered in rather young children, at which ages pro- 
longed hospitalization is undesirable for reasons previously mentioned. 
Primary tuberculous infections often produce acute symptoms lasting 
varying periods from a few to several weeks, after which a very long period 
of months of convalescence characterized by few or no symptoms must 
elapse before the lesions fully resolve. Hospitalization, therefore, cov- 
ering the entire period from the onset of the disease until a complete 
clinical recovery is accomplished would necessarily be a matter of months. 
During the early period of the condition the hospitals (and many private 
offices) provide adequate facilities for properly diagnosing the condition, 
but could offer no therapeutic measures unobtainable in the home. It 
would seem illogical, therefore, to keep these young tuberculous infants 
in institutions for any length of time after a diagnosis of primary paren- 
chymal tuberculosis was established when nothing of special benefit is 
to be offered thereby, and particularly since continued institutionalization 
exposes the patient to far greater hazards of various nontuberculous 
infections than is true of individual home care. Therefore, at the earliest 
possible moment the infant should be returned either to its own home, 
provided the source of tuberculous infection has been removed in the 
meantime, or placed in a good foster home. This procedure eliminates 
the dangers associated with hospitalization that may actually exceed the 
danger inherent in the tuberculous infection itself. The following care 
of parenchymal tuberculosis of primary infection occurring in infants 
and children is therefore recommended: 


1: Diagnose promptly and accurately the type of tuberculosis from which the 
child issuffering. This usually may be accomplished in the physician’s office. 
If hospitalization is required it should be terminated when the diagnosis is 
established and the acute symptoms have subsided. 
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2: Return the child to its own home, provided no further exposure to tuber- 


culosis exists there. 
3: Place the child in a satisfactory foster home in instances when danger of 
reinfection exists in the child’s own family. 

4: Continue medical supervision of the child for months following dismissal 
from the hospital, carefully directing the feeding and general health habits. 
5: The administration of codliver-oil should be recommended in all instances. 
6: Whether ultraviolet irradiation should be insisted upon is debatable, but 
probably it should be provided. 

7: The above requirements, which in the light of our present knowledge and 
experience cannot be improved upon, make it clear that sanatoria are needed 
neither for the establishment of a diagnosis nor for the successful treatment of 
the condition. The construction of large institutions for the care of the child- 
hood type of tuberculosis would be a useless waste of money and, if used, prob- 
ably would result in the deaths of many infants that under home care might 
survive and be restored to perfect health. 

8: Public funds can be spent far more wisely in providing means for early diag- 
nosis of tuberculous infections in infants and children and in financing the 
needs of isolating them from the tuberculous adult who is a menace to the child. 


COMMENT 


When given the opportunity to study the clinical features of primary 
pulmonary tuberculosis in children one cannot fail to be impressed with 
the strong natural tendency of infants and children alike to overcome the 
condition, even when present in exceedingly acute and severe forms. To 
date the tuberculin test has been employed sufficiently to establish beyond 
doubt that the number of living infants and children throughout the 
world who have been infected constitutes a group composed of millions 
of individuals, and, were it not for an inherent natural resistance to the 
disease, the tuberculosis death-rate among these children certainly would 
reach appalling proportions. This pandemic of initial or primary tuber- 
culous infections constantly operating in our child population and attack- 
ing millions of victims required the application of the tuberculin tests 
before the extent of its widespread prevalence was appreciated. With 
many epidemics and pandemics of other communicable diseases special 
clinical tests are not required to convince one that they have swept the 
country. The illness, the crippling and the mortality accompanying 
these scourges suffice to impress us by the ravages they produce. With 
tuberculosis the situation seems to be different. The tubercle bacillus 
quietly enters the bodies of many children and leaves there a focus of 


tf 
it 
i 
| 
if 
| 
iW 
fi 
i 


PROGNOSIS AND TREATMENT 611 


primary tuberculous disease, and the patient and his parents often are 
entirely ignorant as to when the invasion occurred. This happens to 
thousands of children whose health-records fail to reveal the least evidence 
which may be considered as identifying the time at which the tuberculous 
infection took place. It is true that the initial infection by the Myco- 
bacterium tuberculosis causes a transitory fever and definite disability in 
certain cases, but as a rule this presents no conspicuous features which 
distinguish it from numerous minor acute nontuberculous infections. 
There probably is no known communicable disease of major importance 
and potentialities which on entering the human body for the first time 
so commonly proves to be as benign as does the first infection by the 
tubercle bacillus. We have had an opportunity to witness a human ex- 
periment (or experience) of tremendous extent, which seems to prove that 
children possess excellent natural inherent powers to resist initial tuber- 
culous infection. As stated before, I personally suspect that it is rather 
difficult to kill a child by means of a single infection by the tubercle 
bacillus unless the infective dosage is tremendous. It is true that an 
appreciable number of children die of tuberculosis, but the majority 
if not all of these fatalities probably result from reinfections, and 
sufficient observations are now available to establish the fact that 
many young infants and children successfully withstand tremendous 
tuberculous infections. 

A realization of the remarkable tendency of the child to recover from 
primary tuberculosis lessens our fear of first infections by the tubercle 
bacillus, and recognition of the tendency for the primary infection to 
prepare the soil for the development of the highly fatal adult type of 
tuberculosis, should reinfection later take place, impresses us with the 
importance of protecting all previously infected children from sources 
of further infection. 


SUMMARY 


1. Children who have had a primary tuberculous infection may be 
divided clinically into the following four groups: 

A. Infected children who have childhood or primary tuberculosis 
and in whom we are unable to locate the site of the tuberculous lesion. 
These cases constitute about 54 per cent of individuals having the child- 
hood type of tuberculosis. 

B. Infected children in whom the site of the primary tuberculous 
lesion is discovered located in the intrathoracic lymph nodes. These 
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cases amount to approximately 26 per cent of the group of children 
having primary tuberculous infections. 

C. Infected children in whom childhood tuberculous lesions are 
recognized in the form of Ghon tubercles associated with calcified hilum 
lymph nodes. These cases constitute over 15 per cent of the children 
who as a group have the childhood type of tuberculosis. 

D. Infected children in whom primary tuberculosis is recognized in 
the form of resolving parenchymal pulmonary lesions. Cases of this 
type amount to about 3.6 per cent of the entire group of infected children. 

2. Individuals falling into groups A, B and C without exception present 
no symptoms or evidence of impairment of health referable to their 
primary tuberculosis. Individually and as a group they enjoy as good 
health as do uninfected children. These infected children thrive when 
given ordinary good care and protection from reinfection and no argu- 
ments based on proof can be advanced which indicate that these cases 
need sanatorium care. Therefore, over 96 per cent of the cases of child- 
hood tuberculosis may be dismissed in so far as need of sanatorium care 
is concerned. 

3. Individuals falling in group D may suffer a variable fever for an 
initial period of a few weeks associated with certain general acute symp- 
toms. Following this, symptoms gradually subside and for months 
thereafter the patient, whether an infant or an older child, enjoys good 
general health in spite of the continued presence of extensive primary 
intrapulmonary tuberculous consolidations which ultimately tend to 
slowly resolve and disappear. 

4, These young infants and children quite uniformly tend to recover if 
removed promptly from sources of infection and are subsequently pro- 
tected from reinfection. 

5. Recovery seems to be dependent largely upon the infant’s and child’s 
natural resistance to tuberculosis, which proves remarkably effective if 
permitted to operate without being exposed to the handicap of repeated 
infections, and particularly if aided by good general care, proper feeding, 
liberal vitamine administration, and ultraviolet irradiation. 

6. To date no special therapeutic measures which conspicuously aid 
the recovery of infants and children having extensive primary parenchy- 
mal tuberculosis and requiring hospitalization have been discovered. 
These cases, therefore, may be successfully and adequately treated in 
private homes where no danger of further infection exists. 

7. Many cases of primary parenchymal pulmonary tuberculosis of 
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the childhood type occur in young infants at an age-period when col- 
lective or group care in institutions subjects these patients to greater 
hazards than that inherent to the tuberculous process from which they 
are suffering. 

8. The construction of institutions for the care of children having the 
childhood type of tuberculosis would be a waste of money as well as a 
backward step against the modern tendency of recognized merit directed 
toward keeping the child either in its own home or placing it in a suitable 
foster home under medical supervision. Public funds can be spent more 
advantageously in providing facilities which completely obviate the 
necessity of institutionalization of such cases. 

9. Finally, I wish to emphasize my conviction that sanatorium or 
institutional care of infants and children having childhood tuberculosis, 
first, subjects these patients to nontuberculous infection, the danger 
and mortality of which exceed that due to their tuberculous infection, 
and, second, affords no therapeutic advantages which cannot be obtained 
in any good home. 

REFERENCES 


(1) StuKa, E.: Wien. klin. Wchnschr., 1913, xxvi, 254. 
(2) WEssLER, H., AND Bass, M. H.: Am. Jour. Dis. Child., 1916, xi, 198. 
(3) RrpapEAu-Dumas, M. M., AND BECLERE, H.: Bull. Soc. Méd. Hép. de Paris, 1919, 
xliii, 651. 
(4) ErcHELBERG, S.: Monatschr. f. Kinderhk., 1920, xviii, 123. 
(5) GREENBERG, D.: Am. Jour. Dis. Child., 1921, xxi, 65. 
(6) ENGEL, S.: Berl. klin. Wchnschr., 1921, lviii, 877. 
(7) De Bre, R., AND JoANON, P.: Ann. d. Méd., 1922, xi, 320. 
(8) BERNARD, L., AND Parar, J.: Ibid., 1926, xix, 638. 
(9) REDEKER, F.: Beitr. z. Klin. d. Tuberk., 1926, lix, 588. 
(10) Stotorr, E. G.: Am. Jour. Dis. Child., 1927, xxxiii, 363. 
(11) Kotzer, W.: Jahrb. f. Kinderhk., 1927, cxv, 194. 
(12) WALLGREN, A.: Acta. Pediat., 1926-1927, v, 254. 
(13) GERSTENBERGER, H. J., AND Burwans, C. W.: Am. J. Dis. Child., 1927, xxxiii, 54. 
(14) Kaun, J. L.: Amer. Rev. Tuberc., 1928, xvii, 565. 
(15) Licner, J.: Ztschr. f. Kinderhk., 1930, 1, 505. 
(16) GoLpBERG, B., AND Gasut, B.: Am. J. M. Sc., 1930, clxxx, 824. 
(17) Beaven, P. W.: Am. Jour. Dis. Child., 1930, xxxix, 1270. 
(18) WaLLcREN, A.: Ibid., 1931, xli, 816. 
(19) PautseEn, V.: Ibid., 1931, xli, 783. 
(20) Cuaprn, H. D.: Jour. Am. Med. Ass., 1915 Ixiv, 1; also Child Welfare Committee of 
America Inc., May 18, 1925 & January 15, 1926. 
(21) Opre, E. L.: Amer. Rev. Tuberc., 1920-1921, iv, 641. 
(22) Stewart, C. A.: Amer. Jour. Dis. Child., 1932, xliii, 803. 


ERYTHEMA NODOSUM AND TUBERCULOSIS IN 
CHILDREN! 


LLOYD B. DICKEY 


Erythema nodosum has been linked aetiologically by various authors 
with acute rheumatic fever, with streptococcus infection, with acute con- 
tagious diseases, and with tuberculosis. It has also been suggested that 
erythema nodosum is an acute specific disease. The suggestion of a rela- 
tionship of this interesting skin manifestation to infection with the tuber- 
cle bacillus seems to have met with considerable scepticism except by 
those who rather frequently see the condition in children. In the last 
two years, since an earlier report of 9 cases in individuals under 15 years of 
age (1), we have seen in our clinic 7 additional cases of erythema nodo- 
sum, which form the basis of the present report. 

The association with rheumatic fever was fostered by Bouillaud and 
Schoenlein, independently, as early as 1840 (quoted by Trousseau) and 
by Mackenzie (2), although the latter could prove only 15 per cent of his 
cases of erythema nodosum as having occurred coincidently with rheu- 
matism. The rarity of endocarditis occurring coincidently with the skin 
lesions is certainly evidence that only a small percentage of the latter 
could have any association with rheumatism. Gosse (3) found no evi- 
dence of endocarditis or chorea in any of a series of 100 cases of erythema 

~ nodosum. Feer (4) found no definite joint involvement or endocarditis 
in any of his 45 cases. In 749 cases which he collected from the literature, 
endocarditis was found in only 3 instances. Landau (5), in 130 cases of 
erythema nodosum in children from 1 to 14 years of age, found only one 
having a history of a previous rheumatic infection. 

Very substantial evidence has been introduced to prove that the strep- 
tococcus is a factor in a small percentage of cases. Rosenow (6) isolated a 
streptococcus from the lesions and reproduced them experimentally in 
animals. Collis (7), in a series of 8 cases all in children, reported 3 follow- 
ing streptococcal sore throats, the patients giving strong positive skin 
reactions to haemolytic streptococcal endotoxin, and being negative to 


1 From the Department of Pediatrics, Stanford University Medical School, San Francisco, 
California. 
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intracutaneous tuberculin. The other five were definitely linked to a 
tuberculous infection. 

Among the contagious diseases, erythema nodosum has been reported 
as following smallpox by Tullis (8), influenza by Boganovitch (9), and 
other diseases, including scarlet fever and measles, by Arborelius (10). 

As early as 1869 Trousseau (11) suggested that erythema nodosum 
was an acute specific disease due to an unknown virus. Lendon (12) also 
held to this view, describing the entity as ‘‘nodal fever,”’ with prodromal, 
eruptive and convalescent stages. Although Symes (13) and Comby (14) 
supported Lendon they appreciated a certain association with 
tuberculosis. 

The greatest support for the proof of the relationship between the con- 
dition and tuberculosis has come from Scandinavia and northern Europe. 
Ernberg interprets erythema nodosum as an “‘autogenic tuberculin reac- 
tion” and has repeatedly (15) (16) called attention to the similarity in 
gross appearance, course, and histological structure between the lesions 
and positive tuberculin reactions, especially if tuberculin be injected 
subcutaneously. Having seen personally some 200 cases in children, he is 
convinced of the relationship of the two conditions in the vast majority 
of instances. In searching for contacts he found many cases of active 
tuberculosis among adults in families where it was absolutely unsus- 
pected, and many old “‘cured” cases that had become reinfectious. Ern- 
berg has seen 7 cases of miliary tuberculosis or meningitis following 
erythema nodosum. He also produced in several instances new efflor- 
escences by tuberculin injections. In the earlier series from our clinic 
the attack followed in 2 cases immediately after a Mantoux test, and this 
was also noted in the present series. In a single case of Collis’s (7) the 
lesions followed two different tuberculin injections.at an interval of one 
month. 

In 21 of 23 cases in the series of Faerber and Bodin (17) the tuberculin 
test was positive. Of 403 cases collected from the literature by Feer (4) 
which had been tested, 384, or 95 per cent, reacted positively to tubercu- 
lin. In the school epidemics of 18 cases reported by Wallgren (18) all 
gave positive reactions. A contact was found here in a well-developed 
case of pulmonary tuberculosis recently admitted to the class. A 
marked hypersensitivity to tuberculin has been noticed by Ernberg (15), 
Wallgren (19), Pollak (20) and Collis (7) at the time of the outcropping 
of erythema nodosum. 
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Symes (21), in a review of the subject concludes: 


There is an undeniable association between erythema nodosum and tubercu- 
losis. The evidence in support of this fact is strong on the clinical side. 
Tuberculin tests and skiagraphy in the hands of experts afford confirmatory 
evidences of high value. The pathological and bacteriological evidence is weak. 


This last sentence may now be modified. Wallgren (22) examined the 
stomach washings, by the method of Meunier (23), of 40 children suffer- 
ing from erythema nodosum. Three of these reacted negatively to large 
doses of tuberculin and in these three no tubercle bacilli were found after 
guinea-pig inoculation. In 17 of the 37 tuberculin-positive cases tubercle 
bacilli were found after guinea-pig inoculations, or in about 50 per cent. 
Collis (7) confirmed these findings in 3 of his 5 tuberculin-positive cases. 

Wallgren (24) believes that erythema nodosum is often a symptom 
accompanying the initial fever of tuberculosis, and he noted it several 
times occurring at about the end of the incubation period of this disease. 

Among the other pathological or bacteriological proof of the relation- 
ship of these two conditions may be cited Hildebrandt’s report (quoted 
by Symes (21)) of inducing tuberculosis with blood obtained from an 
erythematous node, Pons’s (25) observance of giant-cell formation in the 
centre of a nodule, and Landouzy’s (26) of an acid-fast bacillus in the 
lumen of a vessel in a nodule. 

The following cases include all those seen on the Pediatric Service of 
Stanford University Medical School since the previous report of 9 cases: 


Case Reports 


Case 1: C. M., girl, age 10$ years, entered Children’s Ward with acomplaint of 
reddened, sore areas over anterior surface of both legs, of two days’ duration. 
Had pertussis in infancy, and frequent colds with cough ever since. Diag- 
nosed as having asthma in our clinic at age of seven. There was possible 
history of exposure to tuberculosis through friend of mother who visited the 
home frequently. One week before present entry patient began to have 
headache, loss of appetite, fever as high as 102.4°F., and sharp substernal pain 
on coughing or deep inspiration. These complaints lasted four days, and the 
patient lost about 6 pounds. Cough is still present. Reddened spots, which 
appeared, were very tender to touch, and itched. Examination showed some 
nasal discharge, lips dry. Over anterior surfaces of both legs were erythema- 
tous indurated nodes, ranging from 1 to 8 cm. in diameter; the largest was ex- 
quisitely tender to the touch, warm, and with darkened central area. Tuber- 
culin test strongly positive with intracutaneously 0.01 mgm., and exhibited 
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Fic. 1. CASE 1. ROENTGENOGRAPH, SHOWING HEAvy Mass or DENsITy IN PorTION 
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Fic. 2. Case 1. Ricat LATERAL VIEW ; 
Fic. 3. CASE 2. ROENTGENOGRAPH, SHOWING DeENsity AT Lert HILuM 
Fic. 4. Case 2. Ricut LATERAL VIEW 
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central vesicle. Two tuberculin tests done at previous visits to the clinic 
had been negative. White blood cells 12,000, with 72 per cent polymorpho- 
nuclears, 18 lymphocytes, 9 large mononuclears, and 1 eosinophile. Three 
days later, with total count the same, there were 7 per cent eosinophiles. 
Wassermann negative. Roentgenologically, a heavy mass of density, about 
2 x 4cm., was seen in upper portion of right lung root (figures 1 and 2). This 
not present on film of chest taken three years before. For two days after 
entry temperature went as high as 103°F., and new nodes appeared on both 
shins and arms. These gradually faded, there being faint areas of discoloration 
on dismissal. 


Case 2: P. H., girl, age 12 years. Patient developed malaise, loss of appetite, 
fever of 102°, continuing for five days. Physical examination negative, except 
that child was about 4 per cent under lower limits of ideal weight. On sixth 
day of illness developed several red and indurated, very tender areas over both 
shins and around knees. These ranged from 1 to 3 cm. in diameter and faded 
in a few days after first being purple. Ten days after beginning of illness, 
patient reported to clinic for tuberculin test and roentgenogram of chest. 
Test strongly positive with a dosage of 0.05 mgm. intracutaneously, and showed 
central vesiculation. Bloodnormal. Roentgenograph revealed area of density 
at left hilum, about 2 x 3 cm. (figures 3 and 4). There occurred an efflores- 
cence of the nodules. After several months’ rest in bed patient gained 12 
pounds’ weight, and film taken 3 months after the first one showed densities at 
hilum not so large or so discrete. No history of exposure to tuberculosis was 
ever obtained. 


Case 3: O. N., girl, age 10 years. Child entered Children’s Ward with the 
complaint of tender, itching reddened spots on arms and legs, duration four 
days. Noconstitutionalsymptoms. Had pertusvis at 2 years, with persistent 
cough since. No certain history of exposure to tuberculosis. Physical exami- 
nation negative, except for extremities, over the skin of which were numerous, 
tender and indurated areas of various sizes and varying from bright pink to 
purplish. Temperature 102°F. Intracutaneous tuberculin test with 0.01 mgm. 
strongly positive, with central vesiculation. Tattoo test (Craig) also strongly 
positive. White blood cells were 6,760, with 57 per cent polymorphonuclears, 
24 per cent lymphocytes, 7 large mononuclears, 9 transitionals and 3 eosino- 
philes. Wassermann negative. Roentgenographic studies revealed a small 
area of increased density at lower part of right lung root (figure 5). Child put 
to bed for one month, and had no further symptoms, the nodes fading and 
finally disappearing completely. 


Case 4: M. M., girl, age 63 years, entered Children’s Ward with complaint of 
“breaking out” on legs, of two days’ duration, accompanied by fever. Tem- 
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perature 102°F. when taken shortly before rash was first noticed. In family 
history was definite exposure to tuberculosis, as mother died of a tuberculous 
infection, and the child lived in intimate contact with her before her death 
from the disease. In past history nothing significant except that a tuberculin 
test, done 3 years previously, had been reported “‘slightly positive” with a dose 
of 0.05 mgm. intracutaneously. No constitutional symptoms other than 
fever accompanied the present illness. Physical examination revealed a well- 
developed and well-nourished girl, with temperature of 103.8°F. Systolic 
murmur over apex and along left border of sternum. On anterior surface of 
both legs were some reddened, indurated elevations, slightly tender, from 1 to 
2.5 cm. in diameter. Also spot on the ulnar surface of the left forearm, and 
small one on radial surface of the right forearm. White blood cells were 15,400, 
with 72 per cent polymorphonuclears, 17 lymphocytes, 9 large mononuclears, 
1 eosinophile, 1 basophile. Wassermann negative. Tuberculin intracu- 
taneously, with 0.01 mgm., markedly positive, and greatly indurated with 
small central vesiculation. Roentgenograph (figure 6) showed abnormal 
density at left lung root, with well-circumscribed area opposite 2nd interspace 
anteriorly. Film, taken 3 years previously, showed nothing abnormal. 
Temperature remained elevated until 6th day, when it fell tonormal. Several 
new skin lesions appeared during first three days of patient’s observation. All 
had faded by time of dismissal on 7th day. When seen one month later ap- 
peared entirely symptomless. 


Case 5: Y.C., girl, age 8. Reported to Children’s Clinic because of reddened 
and watery eyes, with sensitiveness to light that had been intermittently 
present almost a year. Had pneumonia at 3 years and occasional otitis media 
since 33 years. No history of exposure to tuberculosis. Examination showed 
some cervical lymphadenopathy, large and reddened tonsils, and injection of 
conjunctiva of left eye with a phlyctenule present. Tuberculin test strongly 
positive to 0.05 mgm. White blood cells were 11,100, with 58 per cent poly- 
morphonuclears, 40 lymphocytes, 1 transitional, 1 eosinophile. Wassermann 
negative. Roentgenographic study of chest revealed very heavy lung root 
markings, and abnormal peribronchial density spreading upward from both 
lung roots. Four days after reading of tuberculin test and taking of film, 
child reported to clinic with typical nodules of erythema nodosum over both 
upper and lower extremities. Child underwent normal convalescence and 
gained 11 lbs. during the following year. No opportunity was again afforded 
for roentgenographic examination of chest. 


Case 6: A. F., boy, age 15 years. Came to clinic complaining of painful 
nodular eruption on both legs, duration 4 days. Had severe headache at time 
eruption began to appear. Patient had been seen in clinic since early childhood 
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for minor ailments, and had had numerous slight skin infections. At age 10, 
tuberculin test negative. Three years later patient’s sister developed erythema 
nodosum, and boy’s tuberculin test intracutaneousiy showed very minimal 
reaction. For about six weeks previous to present illness he had open sore on 
right leg, which had completely healed on compression a few days before 
present eruption appeared. Physical examination revealed several hard, 
raised, red nodules on left leg, and large single one over site of healed ulcer on 
right leg. Nodules painful totouch. Wassermann negative, and tuberculin 
strongly positive in 72 hours. Roentgenograph of chest showed rather heavy 
lung roots, with scattered calcifications along bronchial-tree markings. Skin 
lesions faded. In past year boy free from symptoms except for frequent boils 
and infected skin abrasions. 


Case 7: C. W., girl, age 5. Patient entered Children’s Ward, with complaint 
of fever of one week’s duration and restlessness. About 2 months previously 
father had noticed legs apparently slightly swollen and covered by numerous 
discrete purplish areas, about 2 cm. in diameter and tender to touch. These 
faded in about 3 weeks, but returned again at beginning of present illness. 
Family and past history entirely negative. Examination showed irritable 
child, with moderate-sized injected tonsils and moderate generalized lymphad- 
enopathy. Over skin of shins and forearms were numerous raised, red and 
tender patches, varying in size up to 3 cm. Temperature 102.2°F. White 
blood cells were 15,450, with 60 per cent polymorphonuclears, 26 lymphocytes, 
13 large mononuclears, and 1 eosinophile. Urine showed many pus cells, with 
some clumping. Tuberculin intracutaneously, 0.02 mgm., gave strongly posi- 
tive reaction with central vesiculation. Roentgenograph (figures 7 and 8) 
showed marked degree of inflammation at lung roots, and lateral projection 
showed wedge of consolidation extending into superior portion of right pos- 
terior lobe. The nodes faded within 4 days of entrance to the ward. 


TABLE 1 
Summary of findings of all cases seen at Stanford in last 6 years 


1sT SERIES OF 9 | 2ND SERIESOF7| TOTAL OF 16 


Possible contact 
No history of contact 
Definite contact 


2 

4 

1 
63-15 


Prodromal symptoms 
Rash ist symptom, but fever present at first 
examination 


M 
Sex: 
1 1 
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TABLE 1—Concluded 


1ST SERIES OF 9 | 2ND SERIES OF7]| TOTAL OF 16 


Nothing but rash 

Tuberculin test previously positive 
Tuberculin test previously negative 
Tuberculin test not previously done 
Vesiculation recorded 

Tests done before rash and not repeated 
Rash following tuberculin reaction 
Leucocytes above 11,000 
Leucocytes below 7,000 

No leucocytes counted 

Large monos. above 8 per cent 
Eosinophiles 7 per cent 


OF MUN OPRN WIA We 


It will be noticed that in these relatively small series, three times as 
many cases occur in girls as in boys. In most series recorded the female 
patients predominate. In looking through the index of diagnoses in the 
Stanford Clinics, there were 8 cases of erythema nodosum in adults during 
the last year, all of which occurred in women. 

Most of the cases had prodromal symptoms. The absence of these, 
however, does not speak against the erythema being of a tuberculous 
nature, as it is well known that symptoms of any kind may be absent in 
juvenile tuberculosis, even when there is definite evidence by roent- 
genography (McPhedran (26)). 

Fever seemed the most constant symptom in the prodromal period, 
and was present in most cases during the time of the eruption. In this 
series of 16 cases fever was known to be present at some time during 
the illness in all except one instance. 

All of the patients reacted strongly,—in most cases to small amounts of 
tuberculin. In many, vesiculation and necrosis in the centre of the posi- 
tive reaction was noted, confirming many previous observations of this 
sort. In four of our cases the erythema nodosum appeared shortly after 
the giving of intracutaneous tuberculin, and in one of these it was a new 
crop of the lesions. 

In only 4 of the 15 cases in which roentgenograms were taken could no 
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sign of a perifocal reaction be found. In one of these the only roentgeno- 
graphic studies made were done prior to the appearance of the rash. In 
10 cases there were definite perifocal, or ““epituberculous” shadows in the 
chest films; in one the perifocal reaction was probably in the cervical 
lymph nodes. Phlyctenular keratoconjunctivitis was noted in one case 
preceding the erythema. A frequent association between these two con- 
ditions was noted by Lendon who considered phlyctenules one of the 
pathognomonic prodromal symptoms. 

In 6 of the cases tuberculin testing was previously negative, indicating 
here that the erythema nodosum was possibly a phenomenon of the initial 
fever of tuberculosis. In 3 cases the tuberculin test was positive a con- 
siderable time before, indicating a possible stirring up of a former infec- 
tion, or a reinfection. 

Of the cases which we have been able to follow, all have recovered from 
the symptoms; so we may say, in general, that the prognosis as far as the 
tuberculosis is concerned is good. One must remember, however, the 
possibility of severe chest infection, and of miliary tuberculosis and men- 
ingitis such as reported by Ernberg. 


CONCLUSIONS 


1. In 100 per cent of 16 cases in patients under 15 years suffering from 
erythema nodosum, a tuberculous infection has been proved, if we con- 
sider the intracutaneous tuberculin test as specific. 

2. A distinct majority of the patients are females. 

3. All were hypersensitive to artificial] tuberculin and most of them 
to minimal doses. 

4. Four of the rashes of erythema nodosum followed the giving of arti- 
ficial tuberculin intracutaneously. 

5. In most of the patients a perifocal reaction was found in the chest by 
roentgenography. 

6. Six of the tuberculous infections were most probably initial. 

7. While it has been definitely proved that erythema nodosum may 
occur in children in the absence of allergy to tuberculin, and probably 
therefore in the absence of infection, one should consider this skin mani- 
festation, when occurring in children, as evidence of an early infection or 
reinfection with the tubercle bacillus, unless there is definite proof to the 
contrary. 
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TUBERCULOSIS OF THE BONES AND JOINTS IN 
CHILDREN! 


CLARENCE L. HYDE 


Tuberculosis of the bones and joints constitutes a relatively small pro- 
portion of tuberculous disease. About 4 per cent of all applicants for 
admission to Springfield Lake Sanatorium during the past ten years have 
had definite tuberculosis of the bones or joints, whereas 5 per cent of 
1,220 children applicants were so affected. 

We assume that these figures represent a fair proportion of this form of 
tuberculosis to be found in our community, for most of the active cases 
of tuberculosis apply to us for diagnosis and treatment. 

It is the general impression that the incidence of the disease is dimin- 
ishing, particularly in centres where pasteurization of milk has been 
enforced. This impression lacks any definite statistical confirmation. 
Hospitals and clinics in large centres show no diminution in the number of 
cases under treatment. Most of them show increased numbers, in spite 
of the tuberculin testing of cattle, pasteurization of milk, and the excel- 
lent living conditions of the past decade. 

The death-rate has dropped concomitantly with that of pulmonary 
tuberculosis and in about the same proportion. The actual death-rate 
is difficult to ascertain, for the disease statistically is tabulated with 
generalized tuberculosis, acute miliary tuberculosis and scrofula, under 
the title “other forms.” 

Childhood is the favored period of onset, 39 per cent of our cases 
originating before the sixth year and 57 per cent before the sixteenth year. 
Figures from Trendelenburg’s clinic at Bonn approximate these quite 
closely. 

Orthopaedic hospitals report much higher percentages: 87 per cent 
of 5,461 cases treated at the Hospital for Ruptured and Crippled in New 
York were less than fourteen years of age, and 85 per cent of 1,259 cases 
of Pott’s disease were in the first decade, while 50 per cent were from three 
to five years of age, inclusive, at the inception of the disease (1). 


1 Read at a session of the Clinical Section of the twenty-eighth annual meeting of the 
National Tuberculosis Association, Colorado Springs, Colorado, June 7, 1932. _ 
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Tuberculosis of the bones and joints is usually the result of metastasis 
from disease in the lungs or lymph nodes. The disease most often 
develops at the age when tuberculosis of the lymphatic system prevails; 
it may accompany or follow tuberculosis of the cervical, tracheobronchial 
or mesenteric nodes. The pleura or peritoneum, as well as the joint, 
may be involved. 

The metastasis is often blood-borne, and multiple lesions, involving 
various organs or tissues, may develop. | 

An average of 2.6 tuberculous lesions per patient were found in our 
group. Twenty-seven per cent of the children had from three to twelve 
different lesions, widely scattered throughout the body. The ratio of 
orthopaedic lesions to other types was two to three, which indicates 
that treatment is a medical as well as an orthopaedic problem. 

The site of metastasis is favored by injury and local disturbances of 
nutrition. The vascular metaphyseal zone of the growing bone of chil- 
dren, which is vulnerable to injuries and to the strains and stress of the 
neighboring joint, is often the site of the primary bone focus. 

Slight bruises and strains, sufficient to cause an extravasation of blood 
or serum into bone, periosteum, tendon-sheaths, or joints, often precede 
the onset of the disease. Twenty-seven per cent of both our adults and 
children gave a history of injury. The close association of injury with 
the onset of the disease was definitely indicated in ten of our cases; 
in each of these exudate containing tubercle bacilli was aspirated about 
two to four weeks after the injury. Children under treatment for 
lymph-node tuberculosis comprised one-half of this group; the others were 
adults under treatment for pleurisy or pulmonary tuberculosis. 

The incidence of the involvement of the different bones and joints varies 
with age. This variation has been attributed to changes in the structure 
of bone with the growth of the child and to changes in exercise, wrich 
expose different bones and joints to injury at different ages. A larger 
proportion of Pott’s disease develops before the sixth year; as the child 
grows older, disease of the hip, and, in turn, disease of the knee increase in 
their proportion. Disease of the upper extremities occurs more often 
in the adult than in the child. 

We have treated 61 children presenting 86 different bone or joint 
lesions, 72 per cent of which were in the spine, hips, or knees; the others 
were in the sacroiliac joint, ankle and foot, shoulder, elbow, wrist and 
hand, jaw, ribs and sternum. Orthopaedic hospitals report over 85 per 
cent of the lesions in the spine, hips and knees. Sanatoria may be ex- 
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pected to have different percentages from orthopaedic hospitals, because 
some bone and joint lesions, such as those of the ribs and sternum, do not 
require orthopaedic care and are not admitted to such institutions. 

The average duration of the disease in our children, including all types 
of bone and joint lesions, was about five years. Practically one-half of 
this time represents the penalty of delayed diagnosis, inadequate treat- 
ment, and either delayed or unwise surgical intervention. 

The period of treatment could have been shortened and better func- 
tional results obtained in many instances, had physicians and surgeons 
in general practice consulted more often with specialists proficient in the 
diagnosis and treatment of the disease. No other form of tuberculosis 
requires such active and intelligent codperation. A combined medical 
and surgical opinion is needed for diagnosis and for the formulation of 
a plan of treatment, whether it be operative or conservative. Krause’s 
recent republication of Halsted’s article on the open-air treatment of 
“surgical” tuberculosis shows that Halsted and Trudeau were not only 
pioneers in the nonsurgical treatment of the disease, but pioneers in the 
use of codperative methods as well (2). 

Hackneyed though the statement may be, the best ultimate results for 
either operative or nonoperative treatment will be obtained when the 
disease is recognized early and treatment instituted promptly. 

Early diagnosis is often admittedly difficult. The value of the X-ray 
is lessened by the lack of calcium salts in the bone and the undeveloped 
epiphyses of infants and young children. Even in older children and 
adults, the X-ray does not define the early changes in bone or joint 
tuberculosis as well as it does in the lung and often not until there has 
been marked destruction of the joint. 

The tuberculin skin tests are of value chiefly when negative. Some 
authorities advise the use of the subcutaneous tuberculin test for its 
focal reaction. In my opinion, the test is dangerous; for a dose of 
tuberculin sufficiently strong to induce a focal reaction may reactivate 
a dormant focus or stir up the primary focus with the liberation of more 
emboli. 

The difficulties encountered in arriving at an early diagnosis have led 
Hibbs and an increasing number of surgeons to advise biopsy. The 
information gathered from biopsies may be misleading unless both the 
surgeon and pathologist have had special training in the selection of the 
tissue for examination and in the special pathology of the bones and 
joints. Biopsy, particularly in children, should not be attempted by 
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the average hospital or sanatorium. The diagnosis may have to rest 
upon the past history, a competent physical examination, and the 
behavior of the lesion while under observation. 

Fluctuating swellings should be aspirated and the material examined 
by means of direct smears, guinea-pig inoculations, and implantation 
upon the various culture media. Tubercle bacilli were demonstrated 
in the serum or pus obtained from the lesions in 27 per cent of our children. 

The laity should be instructed not to poultice swellings without the 
advice of their physician. Fluctuating masses, which might be tubercu- 
lous, should be thoroughly investigated before the physician makes an 
incision. Hasty incision destroys an important aid to diagnosis and leads 
to secondary infection, which prolongs the treatment and endangers the 
life of the patient. In speaking of tuberculous abscess, Calot says, ‘In 
closed tuberculosis, cure is certain. To open it or to allow it to open 
is to open a door by which death too often will enter” (3). 

Conservative treatment is the method of choice for children. The 
factors of conservative treatment are constitutional and orthopaedic 
rest, adequate diet, heliotherapy, and a life in the open air; their relative 
merits have not been sufficiently weighed. 

Rest, good food, and fresh air are the essential elements for treatment, 
and have a universal application. They are suitable for all types of 
lesions, individuals, or climates. Light treatment is limited in its 
application and must be prescribed selectively for lesion, individual and 
climate. Ambulatory methods have no place in the treatment of active 
disease, for we are dealing with a potential generalized tuberculosis. 

The rest prescribed must be constitutional and orthopaedic. The 
body is placed in a recumbent position upon beds made rigid with frac- 
ture-boards or upon Bradford frames. The patient is fastened by means 
of cuffs and straps to secure a stable position of the body. The bed is 
built strongly to stand the constant moving to which it is subjected. It is 
equipped with large rubber-wheeled castors; the two at the head are 
fixed in a constant position, and the two at the foot are on a swivel and 
fitted with a stop. The bed is thus very stable, but it may easily be 
moved if desired. 

Orthopaedic appliances are selected which will immobilize the joint, 
maintain the desired position, and yet not interfere with light treatment. 
When the disease is acute, and a good position difficult to maintain with 
the open type of apparatus, it may be necessary to use plaster casts or 
shells until activity has subsided. It is better to sacrifice sun-cure for 


t 
i 
| 
| 
| 
| 
| 
‘| 
| 
| 
| 
| 
4 


TUBERCULOSIS OF BONES AND JOINTS 629 


a time than a good functional position. The type of apparatus most 
suitable for the individual case depends upon the state and the extent of 
the lesion, and whether it is acute or chronic. 

Patients with Pott’s disease are placed in hyperextension on the stiff 
bed and elevated with hard pillows according to Rollier’s method, or upon 
Bradford frames or plaster shells, depending upon the severity of the 
process. As soon as it is safe to remove the plaster shell, the patient 
is fastened to a Bradford frame. 

The stiff bed, Bradford frame, or plaster shells are used for the treat- 
ment of hips. When the bed and frame are used, leather cuffs are placed 
above the knees and ankles, and extension pulleys and weights applied. 
Knees are treated in the same manner but without the knee cuffs. The 
cuffs and weights are unfastened during the sun cure and the muscles 
massaged to prevent atrophy. Ankles and wrists are fixed with remov- 
able splints, and shoulders and elbows in light removable abduction 
splints or extensions. Jointed wooden splints are sometimes useful for 
the smaller joints. 

Immobilization is maintained until activity has subsided and the 
danger of deformity has passed. More freedom is then allowed, but 
recumbency is maintained for several months or until the disease is 
quiescent. When the X-ray and physical examination indicate a 
healed condition, and the physician and surgeon agree that it is safe to 
allow ambulatory treatment, the patient is placed in suitable splints, 
braces, or other apparatus and gradually allowed up. 

Weight-bearing is deferred until the patient has been ambulant for 
several months and the increased exercise indicates that it is advisable. 
With weight-bearing joints, the disease should be clinically healed and 
the joint stabilized when this point is reached. 

When it is possible, an effort is made to correct contractures. They are 
reduced gradually; forcible correction is never attempted. 

In acute processes with destructive disease of the joint, it may be 
advisable to allow the joint to assume its own posture and to correct 
the distorted posture surgically after the disease has become healed. 

There is a considerable difference of opinion with regard to the effect of 
a faulty diet upon the development of tuberculosis. Experiments in 
which laboratory animals were fed deficiency diets and subsequently 
infected with tuberculosis gave conflicting evidence regarding their 
effect upon the development of tuberculosis. McCollum thinks that 
this might be accounted for by failure to control the experimental diet 
with sufficient care (4). 
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The effect of disturbed social conditions and the lack of food upon the 
tuberculosis death-rate during the World War is well known. It is a 
repetition of previous experiences with wars, famine and pestilence. 
The association is evinced by the petition in the Church’s litany, begging 
delivery from plague, pestilence and famine. It is an accepted law with 
tuberculosis specialists that an adequate diet is essential for the proper 
treatment of pulmonary tuberculosis, and it has been proved to be 
necessary for the normal growth of the child. 

Fully developed cases of rickets and scurvy are not often seen with 
tuberculosis, but children frequently are in what McCollum calls the 
“twilight zone” of nutritional instability. Most of the children show 
malnutrition when they enter the sanatorium, and, undoubtedly, it has 
much to do with the development of the disease. 

A large proportion of the patients are underweight; they have diseased 
tonsils, otitis media, sinus disease, and faulty food and health habits. In 
order to correct their habits and to get them to eat an adequate amount 
of suitable food, these physical defects have to be corrected. The 
chronic conditions of the ear, nose, and throat often are the cause of 
poor appetite and an aversion to food. 

Children with faulty habits of eating have to be watched during their 
meals and encouraged to eat the balanced ration. Some of the children 
need individual attention and others may require special diets until their 
idiosyncrasies and habits have been corrected. When the food is 
properly prepared and attractively served, they soon adopt the habits of 
the group and eat the required diet. 

There has been a tendency to misinterpret the place of light as a 
therapeutic measure. Heliotherapy and artificial light are not cures for 
tuberculosis. Their value comes only when used with rest, good food 
and fresh air. By themselves, they may stir up and spread the disease; 
in combination with the other factors, they may be powerful aids in its 
cure. Light may be said to act in the nature of « catalyser; that is, in 
the presence of the other factors, it accelerates their action. 

Heliotherapy and artificial light must be combined with a life in the 
open air as well as with rest and diet. The air-bath is a potent factor in 
the treatment. Halsted, in 1905, said that, ‘“Most cases of surgical 
tuberculosis will recover without operation if they are given a fair oppor- 
tunity in the open air’ (5). Leonard Hill believes that the tonic effect 
of cold air is as important as light; so far as tuberculosis is concerned, 
more important. Good results cannot be achieved merely by using 
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ultraviolet lamps indoors; this must be combined with exposure of the 
skin to the open air (6). The term “‘heliotherapy” presupposes a solar 
bath and a life out-of-doors; exposure to the sun under ultraviolet trans- 
mission glass is not heliotherapy. 

The conditions under which solar baths are taken are never the same. 
Each day provides a different combination of light, temperature, hu- 
midity and air-currents. The constantly changing weather conditions 
and the outdoor environment give the bath interest and make it pleasant 
and colorful to take. Sir Henry Gauvain attributes the better results 
achieved by heliotherapy over artificial light to be the stimuli which come 
from the constantly changing conditions of the bath; the alteration of 
light and shade, of heat and cold, and of humid and dry air (7). 

Artificial-light baths indoors do not have the same value as helio- 
therapy. The conditions of the bath remain more or less monotonous. 
The light, ventilation, temperature, and humidity do not change, and 
the bath becomes uninteresting and wearisome. Gauvain says that with 
the prolonged intense stimulation the patient is unable to make a con- 
tinuous response; in the effort, he becomes exhausted, irritable, and 
nervous (7). 

One of the most interesting and important effects of heliotherapy is 
its reaction upon tuberculous exudates, abscesses, sinuses, and fistulae. 
Either resorption or increased exudation may occur. When solar baths 
are carefully applied, the reaction may be utilized for the resorption of 
closed abscesses and exudates, the stimulation of sinuses and fistulae, or 
the liquefaction of abscess; but when they are applied injudiciously, the 
increase of exudate or the liquefaction of abscess may become a menace. 

The effect of solar light upon the tuberculous focus may be violent in 
hot weather. The profound reaction is due to the penetrating red rays, 
and it is to these rays rather than to the ultraviolet that adjustments must 
be made in the different seasons and climates. 

When the disease appears to be quiescent or arrested and the time 
comes to allow greater activity, the results of conservative treatment 
should be analyzed by the physician and surgeon, and the question of 
ambulant apparatus or operative intervention decided. 

Nonoperative methods have given excellent results with the majority 
of our children. Recovery may take place with the full function of the 
joint restored. Good motion commonly returns to the smaller joints, 
such as the digits, hand, wrist, foot, ankle, elbow, and jaw, and sometimes 
to the knee. Adequate motion returns to a tuberculous hip only when 
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the diagnosis is made at the incipiency of the disease and treatment 
immediately instituted. When such a result is obtained, the diagnosis 
may justifiably be doubted unless it is supported by incontrovertible 
bacteriological or pathological evidence. 

Recovery, with limited motion of the hip or knee, may or may not be 
safe. It is sometimes the result of inefficient treatment and the joint 
offers an insecure support. Such patients may maintain their health 
for a number of years, but they must be considered unsafe. They 
are subject to injuries and a subsequent recurrence of the disease, and 
I am convinced that fixed joints give the greater security. 

Rollier considers partial motion a good end-result and claims perma- 
nent healing. He encourages his discharged patients to continue a life of 
heliotherapy and has some of his patients take the solar baths while 
working on farms in work-colonies. Such a life may protect them from 
recurrences to an extent that they do not need fixation (8). 

We encourage discharged patients to take heliotherapy after discharge, 
but in our climate it is attended with difficulties during the winter 
months. The establishment and maintenance of work colonies entail 
considerable expense; however, even if the economic problem could be 
disregarded, I believe that it is better practice to encourage the patients 
to enter normal life with a fixed joint than to keep them in the environ- 
ment of a work-colony. 

Recovery with a limited motion of the smaller joints is safe and is 
considered a good result; occasionally the ankle needs operative 
correction. 

Ankylosis is required in all spines, a majority of hips, and some knees 
to obtain a durable result. Conservative treatment has accomplished 
this end with a minimum amount of deformity, in an appreciable per- 
centage of our cases, and they have withstood the test of normal physical 
activity for a number of years. 

The function of operative surgery is not curative. It is used to correct 
fixed deformities which have developed in the course of the disease or to 
ankylose flail or unstable joints which are subject to injury and a recur- 
rence of the disease. 

Operative surgery should not be considered until the disease has be- 
come quiescent or arrested. When possible, the operation should be 
deferred until the second decade of life or until the bone is fully developed 
and the epiphysis united to the shaft. The time, urgency, and choice 
of the operation are determined after a long period of observation and 
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a thorough discussion by the tuberculosis specialist and orthopaedic 


surgeon. 
Doctor W. A. Hoyt, our orthopaedic consultant, says that 


once an operation has been decided upon, there is only one goal to be sought. 
The two principles to obtain this goal, agreed upon by most surgeons today, 
are, first, to establish a bony fusion of a joint in the position of election; and, 
second, to accomplish this procedure by operative methods, which are carried 
out extraarticularly and in such a manner that the pathological process is not 
disturbed (9). 


Bony ankylosis is the aim and, unless obtained, the operation has 
failed, and the joint should be operated upon again. The joints which 
most often require operation are the spine and hip, and occasionally the 
knee and ankle. 

We have used Hibbs’s method to stabilize the spine, hips and knees 
with excellent results. Hibbs’s technique is modified by the employ- 
ment of an osteoperiosteal graft for lesions of the lumbar spine. When 
joints have healed in a poor position or have a fixed deformity, they are 
corrected by osteotomy. 

The following is a statement of the results obtainec with bone and joint 
tuberculosis in children during the past ten years. No doubtful cases 
are included in the group. 

Total number, 61; 12 died,—8 at the Sanatorium and 4 after discharge. 
One spinal case was discharged unimproved because of short stay in the 
Sanatorium. 

The causes of death were: Pott’s disease, tuberculosis of hip, abscess, 
and sepsis from secondary infection, three; Pott’s disease, abscess, and 
sepsis from secondary infection, five; Pott’s disease, pulmonary and 
laryngeal tuberculosis, one; tuberculosis of knee and generalized tubercu- 
losis of lungs, kidney, and bladder, two; and tuberculosis of ankle and 
generalized tuberculosis of lungs, kidney, and bladder, one. Four cases 
of Pott’s disease had been operated upon before admission, with unsatis- 
factory results. 
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TABLE 1 
Table of the results of treatment in 48 children who recovered 
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CONCLUSIONS 


Tuberculosis of the bones and joints constitutes a relatively small 
proportion of tuberculous disease in our community. 

The disease in the child is usually the result of metastasis from tubercu- 
lous lymph nodes, and often multiple lesions develop. The ratio of 
orthopaedic lesions to other types indicates that treatment is a medical 
as well as an orthopaedic problem. 

It is imperative to have the counsel of a competent orthopaedic surgeon 
to aid in the diagnosis and the formulation of a plan of treatment, whether 
this be operative or conservative. 

The average duration of the disease, including all types, was a little 
less than five years. Practically one-half of this time represents the 
penalty of delayed diagnosis or inadequate treatment in the early stages. 

Children should be treated conservatively. 

The essential elements for cure are constitutional and orthopaedic 
rest, adequate diet, and life in the open air. Heliotherapy and light 
treatment are excellent adjuvants but are not so essential as rest and 
diet. 
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When the disease has become quiescent, an operation may be indicated 
to correct a deformity or to stabilize and protect a joint. 

The time, urgency and choice of operation are determined after a 
thorough discussion with the orthopaedic surgeon. 

Before the patient is allowed to use a weight-bearing joint, the disease 
must be healed or the joint stabilized. 

Recovery may take place with full function of the joint restored. 
This result is most frequently attained when an early diagnosis has been 
made and prompt treatment instituted. Recovery with partial motion 
may or may not be safe. It is sometimes the result of inefficient treat- 
ment, and the joint offers an insecure support. 

Operations which interfere with bone growth or diseased areas should 
be avoided. 
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ROBERT KOCH’S DISCOVERY OF THE TUBERCLE 
BACILLUS! 


Some of Its Implications and Results 


SIR ROBERT PHILIP 


In accepting the invitation of the Osler Club to join in a little talk 
about the discovery of the tubercle bacillus by Robert Koch, I realize 
that one of the purposes served by the Club is the commemoration of 
great men. The name of your Club commemorates one, recently gone, 
whom many of us knew and recall with affection. We do well to keep the 
lamp bright. For time is apt to deal unkindly with memories. 

Before passing to the subject proper, will you let me recall one or two 
incidents which may help to bring Osler among us to-night? 

Soon after coming to Oxford in 1905, Sir William joined the British 
movement as a member of the Council of the National Association for the 
Prevention of Tuberculosis. We met frequently in London. I stayed 
with him in Oxford, and he came to me in Edinburgh. I remember well 
how, in November 1909, standing by his fireside, we talked of ways and 
means to increase the influence of the National Association, and how we 
there and then agreed that, while centered in London, the Association 
should be made mobile and peripatetic. That conversation led to the 
Annual Conferences being held alternately im London and outside 
London. 

The following summer, in July 1910, the Association met in Edinburgh. 
In the interval an event of grave importance had occurred. The dis- 
coverer of the cause of tuberculosis passed from life on the 27th of May, 
1910, in his 67th year. It was decided that the Edinburgh Meeting 
should include a Commemoration Service. It was on that occasion, in 
the McEwen Hall of Edinburgh University, to a crowded audience, Sir 
William preached the striking lay sermon known to most of you,— 
“‘Man’s Redemption of Man.” The address was followed by three ap- 
preciations of the work of Robert Koch by Hermann Biggs, Sims Wood- 
head, and myself. 

Of one other incident when he was staying with me I have a lively 


1 An address to the Osler Club, London, England, on the occasion of the Jubilee of the 
Discovery, March 24, 1932. 
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recollection. On the Sunday morning before the Commemoration 
Service he walked with me to the Royal Victoria Hospital, our sanatorium 
for early cases. As we walked, I urged a plea for the better training of the 
medical student in tuberculosis so that we might have doctors who under- 
stood the wide bearings of the infection. I remember saying to him that 
the man who has a good grasp of tuberculosis is far on his way to be a 
physician. Osler, while far from unsympathetic toward the actual plea, 
good-humouredly said in reply to the last suggestion: “I would have 
agreed with you still more if you had said enteric fever in place of 
tuberculosis.” 

These incidents may serve to show how, when your invitation came, I 
could not but feel the intimacy of the link with the Osler Club at the 
moment when you proposed to commemorate the life and work of Robert 
Koch. 


Robert Koch was born on the 11th of December, 1843, at Clausthal 
among the Harz Mountains, the third child of a family of thirteen (11 sons 
and 2 daughters). His father was a mining official. The lad passed 
from the local gymnasium to the neighboring University at Gottingen 
where, after working at mathematics and physics, he turned to medicine. 
As an undergraduate he assisted Henle in the pathological museum. He 
took his M.D. in January 1866. After gaining experience in hospital 
at Hamburg and in general practice near Hannover and in Posen, he did 
army medical service during the Franco-Prussian War. Thereafter he 
went to Wolstein as District Physician in Bomst, Polish Prussia. 

In this little provincial town, without the facilities of a university labo- 
ratory, Koch set about observations on hisown account. In his modest 
home a portion of his consulting room was curtained off so that, in the 
intervals between seeing patients, he might do microscopic work and, with 
some help from the local apothecary, seek answers to the questions which 
were stirring in his mind. 

He realized quickly the insufficiency of the existing microscope, and 
made suggestions to Professor Abbé and the firm of Zeiss with a view to 
itsimprovement. He investigated microérganisms by means of staining 
methods and cultures to such purpose that, in April, 1876, he was able to 
write to the botanist, Ferdinand Cohn of Breslau, that in his study of the 
anthrax bacillus he had found the spores of the bacillus which, from 
analogy with other bacilli, Cohn had predicated. 

At the Botanical Institute, Breslau, to an audience which, in addition 
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to Cohn, included three distinguished men, namely, Cohnheim, Weigert 
and Traube, Koch demonstrated the development of spores within the 
Bacillus anthracis, their liberation from the bacilius and the sprouting of 
the bacillus from the spore, the occurrence of spore-formation in anthra- 
cic blood, and the production of anthrax in mice and rabbits by inoculation 
of the bacilli and spores. In 1876, he published his first classic paper on 
the Aetiology of Anthrax, based on a study of the life-history of the bacillus. 
Following this, in 1878, came a like important paper on the Aetiology of 
Wound Infections. 

I mention these publications especially because they embody the re- 
sults of two of Koch’s earliest investigations, during the course of which it 
was necessary for him not only to envisage his goal but to cut every step 
for himself in a strange and almost pathless country. At every turn 
means had to be discovered to get round all sorts of difficulties and to 
follow the delicate thread which scientific intuition assured him would 
guide him aright. 

These early researches yielded results of first-class importance and at 
the same time led to the discovery and elaboration of methods which 
gradually gave shape to the science of bacteriology, of which, prior to 
Koch’s time, the foundations had been laid by Pasteur, Lister, and others. 
On the present occasion it would be out of place to say more regarding 
the vast aetiological harvest which bacteriology has reaped, and the 
reconception of the problems of disease which has resulted therefrom. 
Accordingly, revenons a nos moutons! 

lt was characteristic of Koch’s mental make-up that his thought moved 
instinctively toward important issues,—problems with many facets and 
large implications. This impelled him to the study of infection generally 
and, among infective conditions, particularly those of wide or universal 
distribution, such as wound infection, cholera, malaria. That breadth 
of outlook led him to the investigation of tuberculosis. His big sweep 
of the subject is strikingly attested in the second and third paragraphs 
with which his classic monograph of the 24th of March, 1882, opens: 


Wenn die Zahl der Opfer, welche eine Krankheit fordert, als Massstab fiir 
ihre Bedeutung zu gelten hat, dann miissen alle Krankheiten, namentlich 
aber die gefiirchtetsten Infektionskrankheiten, Pest, Cholera, etc., weit 
hinter dur Tuberkulose zuriickstehen. Die Statistik lehrt, dass 1/7 aller 
Menschen an Tuberkulose stirbt und dass, wenn nur die mittleren produktiven 
Altersklassen in Betracht kommon, die Tuberkulose ein Drittel derselben und 
oft mehr dahinrafft. Die dffentliche Gesundheitspflege hat also Grund 
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genug, ihre Aufmerksamkeit einer so mérderischen Krankheit zu widmen, 
ganz abgesehen davon, dass noch andere Verhiltnisse, von denen nur die 
Beziehungen der Tuberkulose zur Perlsucht erwahnt werden sollen, das 
Interesse der Gesundheitspflege in Anspruch nehmen. 

Da es nun zu den Aufgaben des Gesundheitsamtes gehért, die Infektions- 
krankheiten vom Standpunkte der Gesundheitspflege aus, also in erster Linie in 
bezug auf ihre Atiologie, zum Gegenstand von Ermittelungsarbeiten zu machen, 
so erschien es als eine dringende Pflicht, vor allem iiber die Tuberkulose 
eingehends Untersuchungen anzustellen. 


Tuberculosis had been observed as a more or less definite disease 
from very early times. The evidence of its occurrence in ancient Egypt 
is incontrovertible. Throughout succeeding ages it was recognized in 
every civilized land. Yet its nosological relationships were misinter- 
preted for the most part. Here and there—notably among the Latin 
peoples—the conception of its infectivity emerged and resulted in the 
enactment of special laws and regulations in Italy and Spain. 

How little this Latin conception permeated opinion in other countries 
may be gathered from the following annotation from the Lancet of 
March 9, 1867, under the heading of Death Fees in Foreign Hotels: 


It seems [says the Lancet] that the Italians have most conveniently imbibed 
the notion that consumption is contagious and, should unhappily a phthisical 
patient die in an hotel, the bill but too often contains the singular item—Indem- 
nité pour réfaction des meubles et dela chambre occupée par le défunt, £100 sterling. 

. . The ground [continues the critic] upon which such a charge, the most 
exorbitant of any that has been manufactured for many a long day; rests is 
utterly untenable, and, of course, the demand should at once be repudiated. 
At the same time a little care is needed to prevent surprise, for in those cases 
in which a house or an apartment is taken by agreement for any length of time, 
the legal document which binds the contract may contain a clause to the effect 
that the tenant is expected to pay the extortionate sum which we have named, 
in cases of death occurring from consumption, and we notice the matter that 
the profession may put clients on their guard. 


While the infectiousness of tuberculosis was suspected by many, the 
first instalment of actual proof was presented in the observations of 
Klencke (1843), who induced tuberculosis in rabbits by inoculation (in- 
travenous) with tuberculous material from human sources. These 
limited observations were followed by the authoritative communication 
of Villemin (1865) to l’Académie de Médecine de Paris, in which he tabled 
the results of prolonged research and demonstrated the infective charac- 
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ter of tuberculous material obtained from man and cattle. Complete as 
the demonstration might seem to be, its validity was not universally 
admitted. In the discussion which supervened, Villemin’s thesis received 
effective support from Cohnheim and Salomonsen, who, by a series of 
observations, using the anterior chamber of the rabbit’s eye as the site of 
inoculation, proved conclusively that tuberculous material from different 
sources owed their infectiveness to one and the same specific contagion. 

It is at this point that Robert Koch enters the scene. 

Basing his research on the infectivity of tuberculosis, as demonstrated 
by Villemin, Cohnheim, Salomonsen, Baumgarten, and others, Koch’s 
genius enabled him to track and pinion the tubercle bacillus with superb 
nicety. In claiming the acceptance of the bacillus as the causa peccans, 
he defined,—in keeping with the teaching of his master, Henle,—the 
postulates essential to such a claim, and, by a record of brilliant experi- 
ment, proved beyond cavil that these postulates were satisfied by the 
bacillus. His comprehensive vision of the problem of tuberculosis, and 
his elaboration of one after another method at successive stages in the 
course of their solution, have crowned him one of the creators of the 
science of medicine. 

The present generation of doctors can hardly imagine the blurred and 
faulty aetiological conceptions which, fifty years ago, were in vogue re- 
garding tuberculosis. It so chanced that the announcement of Koch’s 
discovery (1882) coincided with my graduation in medicine. As with 
other students up to that date, my training had been based on the pre- 
bacillary conception of Virchow, Niemeyer, Williams, and other authori- 
ties of those days. The suddenness of the switch to the bacillary view, 
and its import, had, in my own experience, profound consequences. 
Work in a different field was interrupted and interest was vividly aroused. 
I am happy to have this opportunity of rendering homage to the man of 
genius who impelled me to the study of the portentous questions opened 
up by his discovery,—questions the fascination of which has continued 
uninterruptedly throughout the past fifty years. 

Nor is it easy for the student of tuberculosis to-day to visualize the 
attitude of apathy that prevailed at the date of Koch’s discovery. One 
illustration will suffice. On returning to Edinburgh in 1883 and indicat- 
ing my purpose to devote attention especially to the subject of tubercu- 
losis, the remark of the honored professor of medicine was: “Don’t 
think of such a thing. Phthisis is worn to a thin thread. The subject 
is exhausted.” 
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What a contrast to the vast and ever-growing mass of record and litera- 
ture which has emerged in the interval! The pages of the special journ- 
als concerned with tuberculosis (British, American, French, German, 
et hoc genus omne) illustrate how things have changed, and how formidable 
is the attempt to keep abreast of the infinitely varying lines of investiga- 
tion, each one of which is referable to the fundamental fact reported to 
the Physiologische Gesellschaft zu Berlin on the 24th of March, 1882. 

It was a happy inspiration which led your Club to convene this meeting 
commemorative of the discovery of the Bacillus on the 24th of March, 
1932. Here we are, recalling a great event in the history of medicine on 
the day, and almost to the hour, of its occurrence fifty years ago! 

It was at 7 o’clock on the 24th of March, 1882,—a cheerless, damp 
evening,—that the Berlin Physiological Society assembled in the 
reading-room of the recently opened Physiological Institute under the 
Presidency of Professor du Bois-Reymond, the Director of the Institute. 
The company, some 36 in all, included, in addition to the Chairman, 
Helmholtz, Frerichs and his pupil Ehrlich, and Loeffler. 

It was a small group of trained scientists that listened to Koch’s maiden 
speech in Berlin. The theme and the occasion were alike momentous. 
Eye-witnesses have told of some nervousness in Koch’s opening words 
and the precise and impressive character of every phrase. Each state- 
ment was supported by abundant, convincing evidence, macroscopic 
and microscopic. His closing sentence was followed by a moment or 
two of tense silence, to be succeeded presently by a fervid outburst of 
applause and congratulation. The historic occasion was over. 

If the company was notable,—the Physiological Society of Berlin,—the 
occasion was little less remarkable by reason of those who were absent. 
The presentation of the subject in the particular setting has psychological 
interest. It may have been largely a matter of convenience. Yet the 

fact recalls the atmosphere of cold criticism and hostility which encircled 
the birth of bacteriology, and the parching winds of apathy and distrust 
which blew especially hard against Koch’s reconception of tuberculosis,— 
malign forces, the effect of which is hardly yet exhausted. 

It is perplexing to note the absence from the audience of the leaders of 
pathological thought, notably Virchow, and likewise the then champions 
in medicine and in surgery. For most of them the volte-face from the 
deeply rooted principles of cellular pathology and postmortem findings 
wastooabrupt. Their range of accommodation was too limited. ‘‘Sim- 
ple nonsense,” some declared, ‘‘Utter humbug!” 
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At the blush of dawn most of the medical world would have none of it. 
None the less, the sun had arisen with healing under his wings. 

Koch’s classic monograph, Die Atiologie der Tuberkulose, occupies less 
than 18 pages in his Gesammelie Werke. It constitutes an amazing record. 
The simplicity and directness of statement are impressive. There is no 
beating about the bush. The essential elements of the problem are 
marshalled with unsurpassable clarity and completeness. 

Almost before one is aware, there commences the succession of infrang- 
ible links in the chain of evidence forged individually and collectively by 
the master mind. The paper remains for all time a model of scientific 
statement. The tubercle bacillus was identified in every variety of 
tuberculous product, human and animal. The bacillus was separated 
from every other organism. It was reproduced in pure culture outside 
the body. The pure culture, when transferred to animals, produced 
tuberculosis, and from the tuberculosis so produced the bacillus was 
recoverable. 

One of the greatest advances in medicine recorded in one of the concis- 
est documents of medical literature! Within the compass of these 18 
pages is unfolded the solution of the enigma of the ages. Ina remarkable 
series of luminous paragraphs,—every claim supported by unimpeachable 
evidence vouched for by Koch himself,—tuberculosis is denuded of its 
mysterious features and relegated once for all to the group of infectious 
diseases. 


Alle diese Tatsachen zusammengenommen berechtigen zu dem Ausspruch, 
dass die in den tuberkulésen Substanzen vorkommenden Bazillen nicht nur 
Begleiter des tuberkulosen Prozesses, sondern die Ursache desselben sind, und 
dass wir in der Bazillen das eigentliche Tuberkelvirus vor uns haben. 

Damit ist auch die Méglichkeit gegeben, die Grenzen der unter Tuberkulose 
zu verstehenden Krankheit zu ziehen, was bisher nicht mit Sicherheit geschehen 
konnte. Es fehlte an einem bestimmten Kriterium fiir die Tuberkulose, und 
der eine rechnete dazu Miliartuberkulose, Phthisis, Skrofulose, Perlsucht, etc., 
ein anderer hielt vielleicht mit ebenso viel Recht alle diese Krankheitsprozesse 
fiir different. In Zukunft wird es nicht schwierig sein zu entscheiden, was 
tuberkulés und was nicht tuberkulés ist. Nicht der eigentiimliche Bau des 
Tuberkels, nicht seine Géfasslosigkeit, nicht das Vorhandensein von Riesenzel- 
len wird den Ausschlag geben, sondern der Nachweis der Tuberkelbazillen. 


To the original communications (1882-1884) very little of essential 
character has had to be added. They have remained the foundation on 
which has rested all subsequent research. 
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The implications of the record were very wide. Koch’s television 
was astonishing. The trend of subsequent investigation was antici- 
pated. The original monograph of 1882 contains in embryo the ampler 
knowledge which we enjoy to-day through the countless observations 
of half a century. 

It may be convenient at this stage to link with the original monograph 
certain points from Koch’s subsequent researches. 

Let me cite first the illuminating observations recorded by him in 1891 
(Deutsch. med. Wchnschr., 1891, xvii, 101) and usually referred to as the 
Phenomenon of Koch. 

These went to show that when a guinea pig, already infected 4-6 weeks 
previously, is subjected to fresh inoculation, the course of events is entirely 
different from that following the first inoculation. 

No nodule forms at the point of reinoculation, but during the following 
day or two a small area of skin becomes necrotic and sloughs, leaving 
superficial ulceration which heals quickly and completely. While foci 
already existing within the animal may be activated, there is no fresh 
spread of infection from the point of inoculation. 

This observation, abundantly confirmed as it has been, has explained 
much that is otherwise difficult regarding events in the life history of the 
tuberculous patient. When once tuberculized, the affected individual 
seems to be protected from a fresh entry of bacilli into his system. To 
that extent the initial infection exerts a defensive influence. 

The effect of subsequent absorption of bacilli following repeated re- 
exposure to infection is not to start a fresh chain similar to that following 
the first infection, but rather to activate existing foci and thereby lead to 
an aggravation of symptoms either by extension of a localized lesion or by 
the carriage of bacilli from a localized lesion to other parts. 

It was observations along these and cognate lines which led Koch to the 
elaboration of tuberculin. Regarding the significance of tuberculin in 
different fields I shall have a word or two to add presently. Meantime 
it is important to note that effects similar to those just described as follow- 
ing reinoculation with living bacilli followed also when, in place of living 
organisms, bacilli sterilized by boiling or by chemical agents were 
introduced. 

This led to the view that within the body of the bacillus there exist 
elements related to the life history of the bacillus which have active 
properties capable of affecting the animal which harbors the bacillus. 
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These elements were separable from the bodies of the bacilli and from 
the culture medium in which the bacilli were growing. 

Koch’s Original Tuberculin,—and tuberculin in its various forms,— 
consists of an extract obtained from the bodies of the bacilli or from the 
culture medium, or from both. Tuberculin, therefore, has specific rela- 
tionship with the tubercle bacillus and, when brought into the presence 
of the tubercle bacillus in animal or man, reveals this relationship by 
certain recognized reactions. These reactions led naturally to the appli- 
cation of tuberculin in diagnosis and treatment. 

While the science of bacteriology was thus advanced by the investiga- 
tions associated with the discovery of the bacillus, Koch’s vision reached 
still further. With superlative finesse he lifts the curtain and reveals the 
far-stretching vista and the fresh orientation which the discovery gave to 
preventive medicine and to the practice of medicine and of surgery: 


Wenn sich die Uberzeugung, dass die Tuberkulose eine exquisite Infektions- 
krankheit ist, unter den Arzten Bahn gebrochen haben wird, dann werden 
die Fragen nach der zweckmissigsten Bekimpfung der Tuberkulose gewiss 
einer Diskussion unterzogen werden und sich von selbst entwickeln. 


The infectivity of tuberculosis having been established beyond dispute, 
it became evident that the problem of its prevention and treatment in the 
individual and throughout the population must be handled on the broad 
principles which were applicable to other infections. It was equally clear 
that the matter presented difficulties inherent to the disease itself. 

The course of tuberculosis differs widely from that of other infections. 
Tuberculosis is peculiar in respect of the extent and mode of its dissemina- 
tion from man to man and from animal to man, and peculiar by reason of 
its prolonged course and the conditions of environment on which its dis- 
semination and its varying manifestations depend. It was obvious that 
methods to combat tuberculosis could not be modelled entirely on those 
which had been found serviceable for other infections. 

Every move centered round the recognition of the bacillus as causa pec- 
cans. The detection of the bacillus by one or other means afforded for 
the first time infallible evidence as to the presence of tuberculosis. The 
physician and the surgeon had no longer to grope in the dark. A definite 
purpose was given to measures for prevention and treatment. Time- 
honored beliefs were subjected to revision. The doctrine of the heredity 
of tuberculosis,—deeply ingrained in the popular imagination, and little 
less in that of the doctor,—was exploded. 
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With still wider sweep, the discovery inaugurated the scientific study 
of the natural history of tuberculous infection. Facts became available 
from both the experimental animal and the human subject. Those 
afforded by the former served as key to the interpretation of the latter. 
The complex human problem was clarified by the fact of experimental 
pathology. The guinea pig, rabbit, calf and monkey have been good 
friends to the student of tuberculosis. 

The widespread distribution of tuberculosis throughout the commun- 
ity, its appalling mortality, its apparent emergence at all ages, the protean 
character of its manifestations, and the interrelationship of human and 
bovine infections called for thoughtful study. Of hardly less importance 
was the economic stress and hardship produced by the long continuance 
of ill-health and the crippling effect on remunerative labor. 

It became speedily evident that, if we were to get a move on in the 
handling of the ubiquitous disease, there was urgent need for the collec- 
tion of facts. This involved the creation of Intelligence Centres,—centres 
at which information would be received and at the same time guidance 
would be afforded concerning the disease. This was the Jeit-motif which 
led me to the establishment of the Tuberculosis Dispensary. 

I may here frankly say that it was a realization of the ineffectiveness, 
for this larger purpose, of the hospital, as then understood, either in its 
indoor or outdoor departments, which impelled me to the erection of the 
first such centre,—the Victoria Dispensary,—in 1887. Therein seemed 
to lie the hope of effective action. The purpose and possibilities of the 
Tuberculosis Dispensary are now matters of common knowledge. It 
would be superfluous to enter into details. But I seize the opportunity 
to underline certain aspects of its utility and to expose certain fallacies 
which have crept into the operations of so called tuberculosis dispensaries. 

If the Intelligence Centre is to be serviceable in full degree, it must 
constitute, as I expressed it in the early days, a “receiving-house” and a 
“clearing-house”’ for the area served. On the one hand, it seeks facts 
regarding the extent and distribution of tuberculosis, the sources and 
modes of infection, its clinical manifestations and social results. On the 
other hand, by a study of the facts in individual cases and collectively, it 
endeavors to find means whereby the needs of the situation may be effec- 
tively met. 

The patient who comes to the centre receives consideration and care on 
his own account. In one way or another the best is done for him. But 
this is far from all. The coming of the patient means the opening up of a 
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fresh avenue of enquiry and observation in respect of the other members 
of his household and his environmental conditions at home and at work. 

Starting with the two primary facts of (1) the infectivity of tuberculosis, 
and (2) the unity of tuberculosis in all its manifestations, the continuity 
of observation, rendered possible by such an institution—as, similarly, in 
the practice of the observant family doctor—has been able to throw a 
flood of light on the frequency of family infection and its occurrence 
especially in childhood, the conditions favoring its occurrence, and the 
influence of other environmental conditions at successive age-periods. 

It is difficult to overestimate the value of continuity of observation and 
record,—it may be, throughout the lifetime of the individual. It has 
been possible in this way to follow the alternating expressions of tubercu- 
lous infection in the same individual from childhood through twenty, 
thirty years and more. 

It is to the properly organized Dispensary that we should look for 
further contributions to our knowledge regarding the natural history of 
tuberculosis from initial infection through study of the infinitely various 
phases of tuberculization in different individuals. Because of its great 
value as a field for continuous scientific observation, it is much to be re- 
gretted that the conduct of those centres is so frequently relegated to 
inexperienced and often temporary officers. Thus it comes about that 
the Dispensary, which ought in fact to be the organic nodus and coérdin- 
ating centre of all the tuberculosis activities of the area, has been fre- 
quently degraded to the position of an indifferent out-patient department. 

Information placed abundantly in my hands shows that the work of 
many tuberculosis dispensaries is limited to the care of individual patients 
who present themselves for examination; and, even then, it is freely ad- 
mitted that only a relatively small proportion of the tuberculous popula- 
tion of the area comes under review. This is altogether wrong. The 
tuberculosis dispensary cannot afford to be a mere office waiting to give 
advice to callers. The staff must constitute a mobile field force ready to 
hunt downtheenemy. The members of the force must be quick to follow 
up the clue that is given by the patient toward the detection of tubercu- 
losis in other members of the patient’s family or household. The staff 
must be no less keen to make personal inspection of the residential and 
other environmental conditions which have favored the occurrence of the 
disease and are no less likely to maintain it and propagate it further. 

The ultimate purpose of the tuberculosis dispensary is only realized 
when its operations include the systematic search for cases of tuberculosis— 
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at whatever age—in the area which it serves. The aim of the Dispensary 
ought to be that not a single case of tuberculosis shall remain unobserved 
or fail to receive appropriate consideration. 

Once in touch with an individual patient, the Tuberculosis Dispensary 
maintains close interest in him (1) for his own sake, and (2) in the interest 
of his household andthe community. It secures for him fitting treatment 
either directly or indirectly,—whether at his own home or by sending him 
for treatment to the appropriate institution (sanatorium, hospital for 
advanced cases, preventorium, etc.), and this continuous care is main- 
tained after residential treatment is completed. 

Notification of Tuberculosis: It must be evident that exact information 
as to the extent and distribution of tuberculosis in any area is a primary 
step toward the successful handling of its various phases. So significant 
were the results obtained at the first tuberculosis dispensary by this 
systematized hunt for cases of tuberculous infection, and so valuable was 
the information regarding the distribution of the disease within the city 
area, that in an address delivered in 1890 I pressed strongly for the com- 
pulsory notification of tuberculosis, my fixed conviction being that such 
notification afforded the sound and ultimate solution of the tuberculosis 
problem. Yet more than twenty years passed before compulsory noti- 
fication became the law of the land. In Great Britain the system has 
developed without a hitch, and conservative officialdom, which in the 
early days was in opposition, now plumes itself on the fact and the results 
of its introduction. Mirabile dictul—the validity of the procedure still 
remains sub judice in many countries. 

The next primary need for dealing with tuberculosis was clearly the 
establishment of residential institutions for the segregation of the more 
infective cases (hospitals for advanced tuberculosis). Those of us who 
were occupied with the question in the early days urged strongly that 
the segregation of such cases was a primary duty of the local health 
authority. In the address (1890) referred to, the plea was pressed as 
follows: 


With a view of preventing the spread of phthisis among the very poor, for 
the community’s sake, I should have a portion of our city hospital—in lieu 
of any better institution elsewhere—devoted to the reception of dying cases 
of phthisis, whose surroundings and hygienic conditions are not only fatal to 
themselves, but, in my judgment, eminently prejudicial to all those who are 
brought into the close contact with them which the life of a family in one or 
two rooms involves. 
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An analysis of the records of the Royal Victoria (Tuberculosis) Dis- 
pensary during the first twenty years of its activity (1887-1907)—pre- 
sented by me to the International Congress, Washington, 1908—revealed 
surprising facts regarding the distribution of tuberculosis. ‘They showed 
that in 61.4 per cent of the cases under observation there had existed in 
the home surroundings all the possibility for infection, that is to say, the 
patient had been for a prolonged period in closest proximity to, at least, 
one case of advanced tuberculosis, and that, in 11.7 per cent more, direct 
infection seemed probable. 

A study of the sleeping arrangements of the patients yielded most 
disquieting evidence. It was found that in as many as 65.9 per cent of 
the cases the tuberculosis patient occupied the same bed with one or sev- 
eral persons, and in 11 per cent more he occupied the same room. 

Such facts impressed Koch with the urgent necessity for the segregation 
of the more infective cases in a special hospital, and for the careful con- 
trol of the domiciliary conditions—especially the sleeping arrangements— 
of the large number of patients, who for one reason or another could not 
be placed in hospital. In one of his latest papers (Epidemiologie der 
Tuberkulose, Vortrag, gehalten in der Akademie der Wissenschaften zu 
Berlin am 7. April 1910) Koch expressed himself as follows: 


Diese Betrichtungen zeigen, dass die Abnahme der Schwindsucht in neuerer 
Zeit durch verschiedene Faktoren bedingt wird, von denen die beiden wichtig- 
sten die Krankenfiirsorge mit Isolierung der Phthisiker in Krankenanstalten 
und die Verbesserung der Wohnungsverhiltnisse, insbesondere des Schlafrau- 


mes, sind. 
Es geht daraus hervor, welche ungeheuren Hindernisse noch itiberwunden 


werden miissen, ehe es gelingen wird, die Schwindsuchtsmortalitét immer 
weiter herabzusetzen. 


With regard to the sanatorium for the curative treatment of tubercu- 
losis, Koch’s attitude was that of scientific reserve. Having regard to the 
wide distribution of the infection, he realized that the effective part 
played by the sanatorium was limited. The value of the sanatorium was 
inevitably dependent on the care with which really curable cases were 
selected, and on a sufficiency of time being allowed for completion of the 
cure. Those essential conditions were—as in many cases they still are— 
notoriously neglected. On the other hand, Koch was fully appreciative 
of the significance of the physiological principles underlying sanatorium 
methods and their universal applicability in the treatment and prevention 
of tuberculosis. 
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He recognized further that, if it was the part of medical science to point 
the way, success in the campaign against tuberculosis would in the long 
run depend on the diffusion of knowledge throughout the people. They 
must be armed for self-defence. How thoroughly Koch envisaged the 
effect of enlisting public opinion in support of the campaign is evident 
from the following quotation: 


Dazu rechne ich in erster Linie alle die Bestrebungen, welche darauf gerichtet 
sind, durch populire Schriften, Vortrage, Ausstellungen und sonstige derartige 
mittel Belehrung uber die Tuberkulosegefahr in das Volk zu tragen und 
das Interesse der breiten Volksschichten fiir die Tuberkulcsebekimpfung 
Wach zu halten. (Nobel-Voriesung, 12 Dezember, 1905.) 


This brief tribute to the memory of the master must not close without 
further reference to the wide sweep of his untiring researches which 
culminated in the elaboration of tuberculin. If the discovery of the 
tubercle bacillus afforded the central illumination-point, the subsequent 
production of tuberculin has likewise thrown a flood of light on the entire 
field of tuberculosis. Its application in widely varied fashion has opened 
fresh paths of knowledge regarding the extent and significance of tubercu- 
lous infection. Epidemiological investigations rendered possible by 
means of tuberculin have disclosed a wide vista and gradually clarified 
one issue after another of a very complex problem. 

In the practical sphere the evidence afforded by tuberculin in relation 
to diagnosis in man and cattle—in the absence of direct proof of the pres- 
ence of the bacillus—has been of priceless value. Thus, in the bovine 
sphere, it has made possible the establishment of tubercle-free herds and 
the production of tubercle-free milk. 

It would be difficult to overestimate the help afforded by its regular use 
in the service of the tuberculosis dispensary. It is my firm conviction, 
having regard to the frequency of tuberculous infection in childhood, and 
the possible consequences of such infection, that the use of tuberculin as a 
diagnostic agent should become routine practice from early infancy on- 
ward. The fact of infection, and the data of its first detection, are of 
first-class importance in the life-history of the child. 

So long as reaction to the test continues negative, there is no need for 
further action. If, following positive determination, the health of the 
child remains good, we know that the child’s resistance is equal to the 
occasion. There is no need for special care. The occurrence of the posi- 
tive reaction, however, may prove the key to the interpretation of num- 
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erous doubtful events in the life-history of the child; for instance, obscure 
feverish attacks, unexplained malnutrition, ill-defined lack of energy, 
disturbed action of the heart, which may interfere with the normal course 
of development and education. 


Such determination is the first essential step towards effective detuberculiza- 
tion of the individual and, ultimately, of the community. The procedure is 
harmless and costs little. Yet its general adoption would result in the antici- 
pation and limitation of countless consequences in the shape of invalidism and 
crippling. It is the lack of such scientific anticipation which has created, and 
meantime maintains, the need for sanatoriums and hospitals all over the 
country. As I put it in 1912: It is to the nursery and schoolroom that obser- 
vation and effort should be directed if measures for the eradication of tubercu- 
losis are to be fundamentally sound and practically effective. (British Medical 
Journal, 10th January, 1931.) 


Turning to the therapeutic side, my words will be few. The terms 
used by Koch in his communication regarding tuberculin as a remedial 
agent (Deutsche medizinische Wochenschrift, December, 1890) were simple, 
clear and temperate. He was not responsible for the excited enthusiasm, 
medical and lay, which knew no bounds, nor for the mad rush of sick 
and dying to Berlin. Nor for the inevitable disastrous reaction which, 
like the initial excitement, was exaggerated and bore little relation to the 
facts. 

I can never forget Koch’s personal kindness in the midst of the turmoil. 
When I visited Germany in December, 1890, Berlin presented its coldest 
wintry aspect; but Koch’s reception was most friendly when, armed 
with an introduction from the revered Rudolf Virchow (who was 
already definitely critical), I obtained from him a small flask of the brown- 
colored fluid. Accepting his personal testimony and the evidence sub- 
mitted by reliable colleagues, I commenced observations immediately on 
my own account. That was over forty years ago. 

Results from the first led me to take a favorable view of its possibilities. 
With accumulating satisfactory experience tuberculin has been used by 
me in one or other form, and according to one or other procedure, without 
interruption up to the present time. Its continued employment has 
steadily confirmed my judgment in favor of its claim to be a specific 
remedy of much value,—subject always to the proviso that, as with 
other potent remedies, its successful administration implies skill and 
experience in the selection of the suitable case and in the regulation of 
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dosage. Distrust in its value I have found commonly expressed in 
loudest terms by those whose acquaintance with tuberculosis is limited 
and whose knowledge of the actual treatment is fragmentary or second- 
hand. Koch must not be held accountable for the intemperate state- 
ments either of supporters or of critics. 

Nor be it thought that in the sphere of treatment Koch’s outlook was 
limited to tuberculin and its applications. He approached the considera- 
tion of treatment from many angles. His incessant labors pointed the 
way to most subsequent developments in the direction of active and 
passive immunization, and no less to the ever-recurring search for chemo- 
therapeutic agents. The investigators in tuberculosis are few who have 
not sometimes been surprised by evidence—in whatever corner of the field 
their research—that Koch had paced the ground before them. 


In bringing these cursory remarks to a close, I think it may surely be 
said without fear of dissent that in few, if any, departments of medicine 
has there occurred during fifty years so complete an upturn of thought and 
practice as in that of tuberculosis. The credit for this is primarily due to 
Koch. To him we owe it, that knowledge has replaced ignorance, that 
doubt and helplessness have largely disappeared, that preventive meas- 
ures and therapeutic procedure are now inspired and controlled by ascer- 
tained fact, that the morbidity of tuberculosis has lessened, and that in 
all progressive countries the mortality from tuberculosis is tumbling 
rapidly. Robert Koch laid the solid foundations on which the rest has 
been built, and to him be the glory. 


: 
} 
ig 
a 
7 
a 
pox 


A STATISTICAL ESTIMATION OF THE VALUE OF A 
PROGRAMME FOR COLLAPSE THERAPY 


JEROME HEAD,! OTTO C. SCHLACK? AND JOSEPH MARX? 


In a recent paper we outlined a programme for collapse therapy, which 
for the past three years we have been following at the Cook County Tu- 
berculosis Hospital at Oak Forest, Illinois. According to this programme 
every case of unilateral pulmonary tuberculosis had either a blocking or 
extraction of the phrenic nerve. The patient was then treated with 
bed-rest as seemed indicated. If the improvement was not satisfactory, 
artificial pneumothorax was started. If this was impossible or unsatis- 
factory, further bed-rest was prescribed, and eventually thoracoplasty. 
In some instances in which there was extensive early involvement of 
the better lung, the phrenic nerve was extracted on the worse side and 
pneumothorax started immediately on the opposite side. In any case in 
which the sound lung became more than minimally involved, pneumo- 
thorax was started on this side. 

Our reasons for adopting this particular programme were explained at 
length in the preceding paper. It seemed to us reasonable that, since 
rest and collapse are the sole remedies uniformly efficacious in the treat- 
ment of pulmonary tuberculosis, these remedies should be applied as 
effectively and as early as possible, with the single restriction that the 
risk incident to their application be not greater than that incident to 
the disease. Our reasons for employing phrenicectomy before artificial 
pneumothorax were, first, that it is the less radical procedure; second, 
that its permanence offers insurance against reactivation; and, third, 
that in our belief every case treated with artificial pneumothorax should 
have also a phrenicectomy in that this makes possible a longer interval 
between refills and an earlier reéxpansion of the lung, the elevation of the 
diaphragm permitting the sclerosed, diseased portions to remain par- 
tially and permanently collapsed while the undiseased portions reéx- 
pand without displacement of the mediastinum. 

The present paper is a preliminary report of the first 75 patients treated 

1 Northwestern University Medical School, Chicago, Illinois. 

? Oak Forest Tuberculosis Hospital, Oak Forest, Illinois. 
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according to this program. Of these 75 cases, 28, or 37.3 per cent, are 
arrested; 14, or 19 per cent, quiescent; 20, or 26.6 per cent, improved; 
1, or 1.3 per cent, unimproved; 5, or 6.6 per cent, worse; and 7, or 9.3 
per cent, dead. The periods of observation vary from 3 months to 3 
years. None of the 9 cases done 3 months ago are listed as arrested and 
only 2 as quiescent. In 10 instances artificial pneumothorax had been 
tried and found to be impossible prior to the operation. In only 11 has 
it been necessary or advisable to supplement the operation by artificial 
pneumothorax. In each of these a free pleural space was found and a 
satisfactory collapse obtained. This is important in that it has been 
argued that phrenicectomy favors the formation of adhesions. Ten of 
the 11 have negative sputum and an absence of symptoms. These are 
listed as quiescent. 

In 2 cases, which had a moderately advanced active lesion in the oppo- 
site lung, phrenicectomy was done on the worse side and artificial pneu- 
mothorax started immediately on the other. One of these still has a se- 
lective collapse on the opposite side, is in excellent condition, and will 
undoubtedly recover. The other became worse after collapse of the op- 
posite lung, which was then allowed to reéxpand and the lung on the 
operated side was collapsed. Six others have had contralateral artificial 
pneumothorax for progressing disease. Five cases now need thoraco- 
plasty. 

In order to estimate to some extent the value of the programme, 75 
unilateral cases not given collapse therapy were selected from the files and 
corresponding statistics were compiled from them. 

It is difficult to appraise the efficacy of any therapeutic measure. In 
pulmonary tuberculosis the difficulty is extreme. Each case is a rule to 
itself. So many incommensurable factors determine the individual 
course and outcome that the selection of similar cases for controls is an 
impossibility. So many cases recover with simple rest in bed or less 
(even those far-advanced and with large cavities) that in no individual 
instance is one justified in saying that recovery was brought about by 
any accessory therapeutic procedure. For these reasons estimation, by 
comparison, of results in large series of approximately comparable cases 
is the sole feasible method. In these, the variations in individual cases 
are, according to the law of probabilities, fairly certain to be balanced in 
the two groups. There are, however, certain difficulties incident to 
selecting the groups. 

In this study the test and control groups were selected as follows: 
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The Test Group: Each week, at the Oak Forest Tuberculosis Hospital, the 
roentgenograms taken during the preceding week were reviewed and from 
them were selected all showing primarily unilateral involvement. The pa- 
tients whose X-rays had been selected were then called to the examining room 
and a careful physical examination was made of each and his record thoroughly 
examined. Those few with minimal-A involvement were thrown out, as were 
also those under 16 and over 55 years of age. No negroes or Mexicans were 
included. Complications, such as otitis, laryngitis and mild or moderate en- 
teritis, were not considered contraindications. 


The Control Group: At a different institution the roentgenograms for the years 
1925-1926 were examined, and from them were selected all those cases that 
according to the standard adopted for the selection of the test group would 
have been subjects for collapse therapy. The records of these were then gone 
over, and there were selected 75 cases which seemed comparable to those in 
the test group. None were thrown out because of too little involvement. 
As in the test group, all under 15 and over 55 years and all negroes and Mexi- 
cans were eliminated, as were all with noticeable complications. As will be 
noted from the ensuing statistics, there were in this group fewer with far-ad- 
vanced disease, fewer with cavities, and fewer with active disease in the oppo- 
site lung. 


IMMEDIATE DIRECT EVIDENCES OF THE VALUE OF PHRENICECTOMY 


Apart from the evidence of the complete statistics there were in most 
cases some and in many marked immediate indications of the value of the 
operation. In practically all, the cough and sputum diminished im- 
mediately. Many who had had distressing cough first became comfort- 
able the day of operation. All noticed that the sputum came up more 
easily. The lessened cough and sputum undoubtedly account in part 
for the low incidence of spread to the opposite lung and doubtless also 
for the low incidence of laryngitis and enteritis, the two dreaded compli- 
cations. The increased ease in raising the sputum is an indication that 
phrenicectomy, by increasing the efficiency of the cough, acts not only 
to rest and collapse the lung, but to facilitate drainage of affected areas 
and of cavities. 

Although these points were not sought for in compiling the sta- 
tistics, there were numerous instances in which the temperature was im- 
mediately lowered, in some cases reaching normal within a few days. In 
many the weight which had been stationary for months prior to the opera- 
tion rose rapidly and steadily following operation. One patient, who 
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had had active tuberculosis for 8 years and whose weight had been sta- 
tionary, was discharged as arrested 6 months after the operation, hav- 
ing gained 80 lbs. in weight. 

In general one can say that in a majority of cases, dating from the 
operation there was some definite evidence of an immediate turn for the 
better. 

The general results in the two series are shown in table 1. These re- 
quire a few words of explanation. In the phrenic group the 14 patients 
listed as “quiescent” include 10 who are still having artificial pneumo- 
thorax and 4 who have negative sputum and practically normal physical 
and X-ray findings. These latter patients are included among those 


TABLE 1 
PHRENIC GROUP CONTROL GROUP 
Number of Number of 
ol! Per cent Of! Per cent 


whose disease is quiescent because too little time has elapsed since the 
findings have become negative, so as to justify classifying them as ar- 
rested. The pneumothorax cases all have satisfactory collapses, and 
have no bacilli in the sputum and no disease in the opposite lung. 

In the control group the criteria for classifying a case as quiescent were 
absence of bacilli and fever. Most of the cases still had extensive physi- 
cal signs including rales, and some had cavities. 

In the phrenic group, of the 7 who died, 4 were what would be con- 
sidered hopeless cases at the time the operation was done, having massive 
caseous or fibrocaseous disease in one entire lung and moderately ad- 
vanced infection of the opposite. In none was the course appreciably 
altered by the operation, and in all four pneumothorax was impossible. 
Of the other 3, one, after becoming practically quiescent, developed men- 
ingitis; one with active basal disease on the right and an arrested apical 
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process on the left developed tuberculous pneumonia of the left lung; the 
third, a favorable case, developed disease in the opposite lung. Had he 
stayed in the sanatorium artificial pneumothorax might have controlled 
this. Instead, he decided to drive his automobile to Texas, camping out 
on the way, but he grew rapidly worse during the trip and died soon after 
reaching the curative climate. 

As the table shows, in the test group 82.6 per cent were either arrested, 
quiescent or improved, as compared with 35.6 per cent in the control 
group, while in the test group 17.4 per cent were unimproved, worse or 
dead, as compared with 64.4 per cent in the control group. 


RESULTS ACCORDING TO PERIOD OF OBSERVATION 


The cause of the greatest difficulty in compiling our statistics was the 
fact that there was a great variation in the periods which had elapsed 
since the operation or, in the control group, of the whole periods of ob- 
servation. The results tabulated according to the length of the periods of 
observation are shown in table 2. Although there were more cases ob- 
served slightly longer in the control group, the results in these were much 
better than in the control group as a whole. 

The high percentage of deaths in both groups among the cases observed 
3 months must mean that the operation is being used frequently as a last 
resort and that, when it is so used, it is rarely of value. The fact that in 
the test group all of the deaths occur within the groups observed rela- 
tively short periods, while in the control group they are scattered evenly 
throughout all of the groups, indicates, not only that collapse therapy as 
applied in these cases prolongs life, but that, save in the severe cases 
which die early, it offers increased hope of recovery. There have been 
no deaths in cases observed more than 18 months and only one death in 
those observed more than 12 months. 

As the time elapsed since the operation increases, the percentage of 
cases arrested or quiescent increases. At 6 months it is 28 per cent, at 
9 months 62, at 12 months 49, at 15 months 82, at 18 months 63, at 21 
months 42, at 24 months 100, at 30 months 80, and at 33 months 100 per 
cent. Of all the cases observed 9 months or longer 663 per cent are 

either arrested or quiescent. From these figures it is safe to say that the 
final result in the test group will probably be in the neighborhood of 70 
to 75 per cent arrested. It is worthy of note that these are all moder- 
ately advanced or far-advanced cases. 
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RESULTS ACCORDING TO DEGREE OF INVOLVEMENT 


Theoretically there should be a direct relationship between the amount 
of lung tissue involved and the result from phrenicectomy. It is gener- 
ally agreed that the relaxation and collapse, incident to paralysis of the 
diaphragm or any increase in intrathoracic pressure, is applied where the 
retractile force of the lung is greatest; in other words, at the site of the 
disease. If the area of the disease is small, the whole effect will be cen- 
tered here, with the result that there will be greater relaxation per cubic 
centimetre of disease than where the effect must be distributed over an 
entire lung. By the same reasoning one would expect the best results 
in fibrotic lesions, in which the retractile force is greatest. In general 


TABLE 3 
Results tabulated according to the degree of involvement 
TOTAL | ARRESTED | QUIESCENT| IMPROVED | ,» Ayu. | WORSE | DEAD 
e} je] fel fel lel 
3 3 3 3 3 3 
a 
‘a ‘a ‘a ‘a ‘A ‘A ‘a 
lola 
Moderately Advanced: 
22| 39) 14 | 7 315 0 2 4/2 |16 
30] 52} 64 /18 | 13 | 0;5 |9 | 10/9 
Far Advanced: 
53] 36, 14} 1 | |19 7} 1/3 {3 6/5 17 
70} 48) 26 | 2.8] 20 | 8.436 | 19 | 2 | 8.4/5.7] 17/9.5/47.6 


these expectations were fulfilled. The results were better in the moder- 
ately advanced than in the far-advanced cases (see table 3). When there 
was diffuse caseopneumonic involvement of a whole lung, phrenicectomy 
failed to change the course of the disease. Two cases operated upon in 
private practice and not included in this report are of interest in this con- 
nection. Both had soft rapidly progressing caseopneumonic involve- 
ment of an entire lung. Phrenicectomy failed to alter the course. In 
both, however, resection of the posterior segments of the lower three 
ribs, done as the first stages of thoracoplasties, brought about a marked 
change. In each instance the temperature, which previous to the costec- 
tomy had been above 101° each evening, fell to normal and stayed so 
during and after the remaining operations. These cases tend to indicate 
that, where the area of lung involved is great, more relaxation is required 
than where it is small. 
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Statistics have not been compiled concerning the relationship between 
the type of process and the results. Excellent and often astonishing re- 
sults followed phrenicectomy in both soft and fibrotic cases. Direct evi- 
dence of the relaxing effect of phrenicectomy in apical disease was fre- 
quently observed in cases in which the trachea, which before the opera- 
tion had been drawn far toward a fibrotic apex, moved back toward the 
midline after the operation. This effect also explains how, in the pres- 


TABLE 4 
Results in cases with cavities 

TOTAL ARRESTED | QUIESCENT} IMPROVED Pn WORSE DEAD 

Large: 
Number: ... 15 |10 4/01 8 0 2 
20 |13.3) 26} O} 51} 20) 0 0113 | 10 | 6.6} 70 
Medium: 
Per cent......... 19 |20 | 24] 12 17} 13 | 50} 20 | 6 1-35 
Small: 
Number......... 8 | 7 0} 1 1 
10.7) 9.3} 50 | 37 | 28} 14/0 QO 12: 
Multiple: 
Total: 
5S 150 1:30) £4 1.10140) 18) 7 


ence of a mobile mediastinum, phrenicectomy on one side may relax and 
influence favorably disease in the opposite apex. 

The statistics in table 3 show that in the test group 77 per cent of the 
moderately advanced cases are either arrested or quiescent as against 
46 per cent of those far advanced. Corresponding percentages in the 
control group are 31 and 11 respectively. 

In table 4 are presented the results in the cases with cavities of various 
sizes. ‘Those cavities larger than 2.5 inches in diameter are listed as 
“large;’’ those between 1.5 and 2.5 inches as “‘medium;” and those smaller 
than 1.5 inches as “small.”” As would be expected, the results are in 
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proportion to the size of the cavities. In all instances they are much 
better in the test group than in the control group. In the test group 26 
per cent of those with large cavities are either arrested or quiescent, as 
are 47 per cent of those with medium-sized cavities and 87 per cent of 
those with small cavities. In the control group the corresponding per- 
centages are 0, 25, and 28. In the test group 44 per cent of those with 
cavities are arrested or quiescent as compared with 15 per cent of the 
controls. : 


TABLE 5 
Results in cases without cavities 
TOTAL | ARRESTED UNIM- 
QUIESCENT | IMPROVED PROVED WORSE DEAD 
34 | 45 | 16 | 47 8 | 24} 4] 12 0; 2 6| 4] 12 
Cantror 37 | 50 6 | 16 5.) 43 3 16 | 43 
TABLE 6 
Comparison of tables 4 and 5 in percentages 
TOTAL |ARRESTED IMPROVED WORSE | DEAD 


per cent | percent | percent | percent | percent | percent | per cent 


With Cavities: 


a 55 30 14 40 2.4 7 7 

Without Cavities: 

Phrenicectomy............. 45 47 24 12 0 6 12 

50 16 11 7 13 7 43 


Although a number of cases with large cavities have cleared after 
phrenicectomy alone, it is probable that in such cases pneumothorax 
should have been started early. 

In table 5 are shown the results in those cases without cavities and in 
table 6 a comparison between the results in this group and in the group 
with cavities. 

These tables show that in both the test and control groups the results 
were markedly better in the cases without cavities. In the test group 44 
per cent of those with cavities became either arrested or quiescent as 
compared with 71 per cent of those without cavities. The corresponding 
figures in the control group are 15 and 27. 
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Table 7, showing the results in terms of positive or negative sputum, 
is self-explanatory. ‘Thirty-seven per cent of the test group, as compared 
with 60 per cent of the controls, still have positive sputum, and this is in 
spite of the fact that 10 per cent more were originally negative in the 
control group than in the test group. 

Of the utmost importance in the consideration of any form of collapse 
therapy is an appraisal of its effect upon the contralateral lung. One 
possible reason for preferring phrenicectomy as the primary procedure is 


TABLE 7 
Results expressed in terms of tubercle bacilli in sputum 


PHRENIC CONTROL 
Number Per cent Number Per cent 
Sputum became negative................0000- 42 56.1 16 21 
Sputum negative before and after............. 5 6.6 12 16 
Sputum negative before; positive after......... 0 0 1 1-3 
TABLE 8 
The contralateral lung 
TOTAL STAYED SO OR CLEARED | PROGRESSED OF was 
Phrenic Control Phrenic Control Phrenic Control 
51 | 62 | 82 | 44 | 86 | 25 | 33 | 7 | 14 | 37 | 60 
Healed lesion........,.....- 41:53; 3} 41 3175] 2133] 112) 
20 |26.5) 10 | 13 | 10} 50; 3 | 30/10/50] 7 | 70 


that it throws less of a burden upon the opposite side than does artificial 
pneumothorax. Theoretically, any form of unilateral collapse might, by 
increasing activity, favor the inception or progression of a lesion in the 
opposite lung. On the other hand, it might, by cutting down the cough 
and bacilli-laden sputum, or, what is equally important, by providing a 
selective relaxation of diseased lung there as well as on the homolateral 
side, tend to lessen disease there. The figures here presented (table 8) 
show definitely that, with phrenicectomy and artificial pneumothorax as 
used here, the factors preventing inception or progression of disease in 
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the opposite lung far outweigh the factors favoring them. In the test 
group not only did a much greater percentage of normal or quiescent 
contralateral lungs stay normal, but a much higher percentage of those 
with active lesions cleared than in the control group. It is of interest 
that 5 of the 7 instances of spread to the opposite lung in the test group 
followed haemorrhage. In all but one of these 7 cases the lesion has 
either cleared or is clearing. In no instance has there been definite 
evidence that phrenicectomy unfavorably affected disease in the opposite 
lung. On the contrary, our statistics show that phrenicectomy is of 
great value in protecting the latter. 

The prognosis at the present time of the patients in the test group is 
shown in table 9. It has already been shown that, as the period of ob- 
servation increases, the number listed as ‘‘arrested”’ also increases while 


TABLE 9 
Prognosis in test group 
PROGNOSIS NUMBER PER CENT 


the deaths and failures to improve do not mount. One feels justified in 
hoping that eventually between 65 and 80 per cent will become arrested. 


CONCLUSIONS 


1. Phrenicectomy is of definite value as an independent procedure in 
the treatment of pulmonary tuberculosis. 

2. Its use as a primary procedure decreases markedly the number of 
cases in which artificial pneumothorax is indicated. 

3. It discourages to a marked degree the development of extrapul- 
monary complications. 

4, Spread to the opposite lung, or a lighting-up of arrested or quiescent 
processes there, is much less likely to occur if the operation is performed 
than if it is not. 

5. Active disease in the opposite lung is more likely to clear up. 
6. Phrenicectomy discourages rather than favors the development of 
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pleural adhesions and so does not interfere with the later induction of 
artificial pneumothorax if this should become necessary. 

7. It does not prevent collapse therapy of the opposite lung. 

8. It is impossible at present to predict what its effects will be in any 
given case except to say that it will influence it favorably. 

9. While, in general, the percentage of favorable results is in propor- 
tion to the extent of involvement, the size of the cavities and the tendency 
to fibrosis and retraction of the lesion, phrenicectomy frequently fails to 


effect cures in apparently favorable cases and often effects them in soft 


extensive lesions with large cavities and an absence of fibrosis. 

10. Finally, we wish to state that this programme has been applied as 
an experiment and by no means expresses our conception of the proper 
treatment of tuberculosis. We feel that every case of tuberculosis is 
different from every other case and that each case must be treated indi- 
vidually. We do feel that collapse therapy should be applied much ear- 
lier and much more frequently than is now generally the practice. Pre- 
cisely what should be done for any given case cannot be stated in terms of 
a programme and we are still far from certain what general programme 
should serve as a basis to be departed from. 


THE PRESENT STATUS OF CHEST SURGERY IN THE 
TREATMENT OF PULMONARY TUBERCULOSIS! 


With Special Reference to Thoracoplasty 
E. H. BRUNS? anp JOSEPH CASPER? 


Those of us, who have been long in tuberculosis practice and who have 
carefully watched the development of artificial-pneumothorax therapy, 
are not surprised at the growth and general acceptance by the medical 
profession of the more recent form of collapse therapy, thoracoplasty. 
To Forlanini more than to any other one should be accredited the im- 
petus which has made pneumothorax the great therapeutic measure 
that it is to-day and the prominence which it occupies as a means of 
collapsing the lung. At first pneumothorax therapy was condemned by 
many because it was misused and carelessly employed but, step by step, 
all its dangers and defects have been smoothed out or eliminated entirely. 
First it was discovered that the use of pneumothorax was not confined to 
unilateral cases alone; then came the selective and relaxing forms of 
collapse (1) (2), as well as those of selective reéxpansion. Next it was 
learned that active bilateral involvement could be handled by collapsing 
the lungs alternately (3), and finally it was discovered that in certain 
selected cases both lungs could be partially collapsed simultaneously 
(4). In the meantime, certain adjuncts to pneumothorax were devised, 
such as internal pneumolysis for severing pleural adhesions (5), and 
phrenicectomy for paralyzing the diaphragm and reducing the tension 
of adhesions (6). It had also been learned that pleural exudates could 
be prevented in great part (7) by employing selective or low-pressure 
collapses (20) and means for the prevention of cerebral embolism had 
been contrived (8). The advisability of continuing air collapse of the 
lung for a much longer period (3 to 5 years) (24) has been conclusively 
proved, so that after a period of over twenty years we have a therapeutic 


1 Read at the 1932 meeting of the American Sanatorium Association, Denver, Colorado. 

* Colonel, Medical Corps, U. S. Army, Fitzsimons General Hospital, Denver, Colorado. 

§ Lieutenant-Colonel, Medical Corps, U. S. Army, Fitzsimons General Hospital, Denver, 
Colorado. 


665 


3 
‘ 
a 


666 E. H. BRUNS AND JOSEPH CASPER 


measure based upon sound physiological and pathological principles and 
reaching a stage of perfection little dreamed of by its first sponsors. 

Now another form of collapse therapy, thoracoplasty, has been born 
into the realm of therapeutics and has gradually forged to the front, 
overcoming all opposition on the part of physicians and surgeons as well 
as tuberculosis patients, and offering the far-advanced consumptive a 
chance for his life. At first apparently formidable in character and very 
limited in its applicability, it has been built up by modifications and 
changes in technique, until its sphere of usefulness has been widened and 
its objectionable features and dangers eliminated to a degree comparable 
to that of any of the so called major operations. We are now witnessing 
the growth and consummation of thoracoplasty as a great therapeutic 
measure in pulmonary tuberculosis just as we have observed during the 
last twenty years the successful progression of artificial-pneumothorax 
treatment. 

As pointed out in a previous paper, the cure of chronic pulmonary 
tuberculosis is largely a matter of the closing or healing of tuberculous 
pulmonary cavities (9). The formation of a cavity is frequently one of 
the contingent processes in the healing of dense tuberculous lesions, but a 
hole in the lung traversed by blood-vessels, lined with a caseating and 
pyogenic membrane, and draining into the bronchial tree, is a serious 
complication, imperiling the life of the patient, for, unless the cavity is 
of that rare type which can be expected to heal spontaneously under 
hygienic treatment, the individual who has a cavity of the lung has a 
brief expectancy of life and is ever confronted with many lurking dangers 
(17) (18). It may be superfluous to mention these dangers, such as 
bronchogenic extensions, haemoptysis (10) and toxaemia, but physicians 
as well as the patient should realize that the cavity is to be dealt with, 
if necessary, by surgery. After pneumothorax and phrenicectomy have 
failed, thoracoplasty remains to be tried. Unfortunately, the physician 
as well as the patient has the idea that thoracoplasty is a formidable 
operation, a last-resort procedure. Patients used to pale with fright 
when the operation was recommended, but this fear-complex is no longer 
as pronounced as formerly because they now see others in their midst 
who have been through the operation and have been helped by it. It is 
no longer in the experimental stage and is better understood even by the 
lay-patient. It can now be recommended and accepted when indicated 
while the patient is still a good or at least a fair operative risk and not as 
a last-resort effort to save life. 
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Having proved that thoracoplasty can be performed with a small 
operative mortality and having convinced our patients of this fact, we 
must be able to assure them that it will accomplish its objective, namely, 
the closure of cavities. The response of cavities to this form of collapse 
therapy varies according to their size, character and location. Regard- 
less of size and character, a cavity at the apex will not heal when com- 
pressed unless its walls are closely approximated. Frequently a cavity 
in the apex or upper part of the lung is merely displaced into the para- 
vertebral groove by thoracoplasty and thereby escapes complete com- 
pression. Such cavities may continue to excrete tubercle bacilli. If 
their drainage is interfered with, they may harbor mixed infections and 
act very much like lung abscesses or cause a low-grade sapraemia, which 
gives constitutional symptoms such as slight evening elevations of tem- 
perature, poor appetite, malaise and loss in weight, or they may bleed 
from time to time. 

Even the more radical forms of thoracoplasty, such as the Brauer 
subscapular paravertebral operation (11), will not prevent a cavity from 
escaping complete collapse in the paravertebral groove. The lower stage 
of the operation or the anterior-lateral resection of ribs may fail to bring 
about an obliteration (12). In a number of instances a cavity has en- 
larged following a thoracoplasty. This can probably be attributed to a 
greater concentration of tuberculous products in the lesions surrounding 
the cavity leading to softening and breaking-down, with enlargement. 
When the cavity is not obliterated the patient can be more harmed than 
benefited because the drainage of the cavity is interfered with or is less 
free, and the bony thorax surrounding the cavity is made more rigid, 
so that little can be expected in the way of additional contraction to- 
ward further reducing the size of the cavity. It is true that cavities 
can be closed by thoracoplasty, although not obliterated. Closed off, 
they cease to discharge tubercle bacilli into the bronchial tree and the 
patient is much improved, although the X-ray still reveals the presence 
of a cavity. The reoperation of thoracoplasty cases, that is, a second 
resection of the ribs posteriorly, is unsatisfactory, submitting the patient 
to another operation more dangerous than the first and usually not any 
more effective. Thoracoplasty, like pneumothorax and other forms of 
collapse therapy, favors the healing of tuberculous lesions in addition 
to the closure of cavities. In all fairness to all sides of the question, 
this should not be lost sight of, for it may account for the improvement 
in cases, even though the cavity is not completely collapsed.. 
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Residual cavities may be dealt with by supplementary thoracoplasty 
operations, such as anterior lateral resection of the ribs or unroofing of 
the cavity. To assure a complete collapse, a combination of operations 
can be used, such as apicolysis plus a posterior upper-stage thoracoplasty 
or a modified thoracoplasty operation which will be described later. The 
combination of apicolysis and posterior thoracoplasty is indicated in the 
closing of giant cavities. Cavities at or near the apex require a compact 
approximation of their walls for obliteration, while those in the middle or 
base of the lung can be completely eradicated by relaxation of lung, as 
by phrenicectomy, partial pneumothorax, or lower-stage thoracoplasty, 
in which the lower part of the thorax is only slightly dropped in. The 
thickness of the cavity-wall and the character of the surrounding lung 
parenchyma, as well as the condition of the overlying pleura, are also 
factors which influence the closure of cavities. Cavities of long standing 
with thick fibrous walls, multilocular cavities, those surrounded by a 
fibrous or pneumonic parenchyma and covered by a thickened pleura, 
are more difficult to collapse. Cavities in the contralateral lung, even 
though large, will often heal spontaneously after a successful collapse and 
obliteration of a cavity by thoracoplasty or some form of collapse therapy 
on the opposite side. This is especially true if the contralateral lung is 
little involved otherwise and is hypertrophied. The explanation of this 
is that collapse of cavities in the worse lung eliminates the largest focus 
of infection, thereby increasing the patient’s resistance and healing powers, 
or that increased function and hypertrophy of the opposite lung promotes 
healing. It has been frequently observed that aspiration tuberculous 
bronchopneumonia in the contralateral lung after thoracoplasty clears 
up surprisingly rapidly and well, and cavities may form only to close 
again during the process. The position of the cavity in the lung is like- 
wise important. Those in the lateral part of the lung are more apt to 
close than those lying mesially or paravertebrally. 

The shape of the chest and slant of the ribs, inasmuch as they have a 
bearing on the degree of collapse, play a part in the obliteration of cavities 
by thoracoplasty. Everything else being equal, as a rule, a flat chest 
with oblique ribs will show a better collapse than a round one with hori- 
zontal ribs. Now and then new cavities will form in the lower part of an 
upper-lobe lesion following upper-stage thoracoplasty and thus necessi- 
tate a lower-stage operation for closure. 

In discussing the indications for thoracoplasty, it is well to quote the 
views of Sauerbruch (13) who leads in this form of surgery. He gives 
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as the strictest indications the following: (1) unilateral disease; (2) 
fibrous types of tuberculosis; (3) rigid mediastinum; (4) capable heart; 
(5) youth; and (6) general good resistance; and he remarks that any 
departure from the strictest indications in the selection of cases increases 
the operative risk and diminishes the proportion of favorable results. 
Since introducing chest surgery into our institution in 1922, we have 
been forced to widen the scope of surgery in this field, in order to give 
apparently doomed patients a chance, however slight, for recovery. 
Unilateral cases are rare and with us it is more the amount and character 
of involvement in the good lung which is taken into consideration. If 
the contralateral lung is not too extensively involved, so as to be able to 
function alone without dyspnoea and as long as the lung is hypertrophied 
and the lesions show a tendency to fibrosis, thoracoplasty is not contra- 
indicated. Even the presence of cavitation does not rule out operation, 
provided the lung is capable of performing its work handicapped by 
whatever damage or destruction may be present in its neighbor (14). 
As mentioned before, cavities in the unoperated lung can be expected to 
heal spontaneously following collapse-therapy procedures. Unques- 
tionably, thoracoplasty is more suitable for fibrous types of pulmonary 
tuberculosis. As a rule, cases are treated under a well-regulated and 
strict sanatorium regimen or by means of other forms of collapse until 
lesions display some degree of fibrosis or obtain the maximum benefit 
from general treatment before recommending surgical collapse. A rigid 
mediastinum is important in preventing displacement of the mediastinal 
contents, interfering with the function of the heart and encroaching upon 
the opposite lung and in diminishing mediastinal flutter and paradoxical 
breathing, often the principal cause of dyspnoea and cyanosis after thora- 
coplasty. The patient’s ability to weather the storm of thoracoplasty 
during the operation and the first few weeks of convalescence is largely a 
question of the capability of the heart. Most operative deaths are due 
directly to cardiac decompensation. Good coronary arteries, good valves 
and a good heart muscle are of primary importance. A damaged heart 
may be nursed through a thoracoplasty as long as everything goes 
smoothly, but should such complications as bronchial aspiration, massive 
collapse or wound infection occur, a cardiac death rings down the curtain. 
A patient’s immunity or resistance cannot be definitely measured but, 
when he shows ability to fibrose his lesions, it is safe to assume that he 
has sufficient resistance. This does not apply in the same degree to the 
healing of cavities. Cavities can be compared to the cold abscess in 
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Pott’s disease, especially those abscesses that burrow, rupture and ac- 
quire mixed-infection sinuses and pockets. A tuberculous cavity repre- 
sents a pyogenic caseous-lined hole in the lung, poorly drained by a bron- 
chus, a massive infection with both tubercle bacilli and pus organisms, 
against which immunity, even though able to fibrose the productive and 
resolve the exudative lesions of tuberculosis, can only offer feeble resist- 
ance, or at best a draw. Youth counts most in coping with any disease, 
injury or operation and, although tests are all normal, a patient over 
forty-five years of age runs a grave risk from thoracoplasty because he 
can be assumed to have a damaged heart which must not be subjected 
to a severe strain. I believe it is largely the factors just discussed rather 
than the magnitude of the operation of thoracoplasty which accounts for 
our unfavorable results. Thoracoplasty has the reputation of being a 
mutilating surgical procedure, a super-major operation, so to speak, 
which, as performed by skilled chest surgeons these days, is erroneous 
and a misrepresentation. We must bear in mind that in the majority 
of instances we are not operating upon good risks, and frequently this 
form of chest surgery is resorted to in desperation, to save life or to give 
a patient his only chance of recovery. Very few of our cases have met the 
strict indications of Sauerbruch. Although the attitude of our patients 
has changed regarding thoracoplasty, there is still a tendency to pro- 
crastinate and postpone the operation until they are no longer good risks. 
Many cases coming up for consideration have some complication, usually 
in the form of extrapulmonary tuberculosis, that is, tuberculosis of the 
larynx, tuberculous otitis media, fistula-in-ano, intestinal tuberculosis, 
genitourinary involvement, bone and joint tuberculosis, etc. Provided 
they are not too far advanced, these complications, as a rule, offer no 
contraindication. As a matter of fact, collapse therapy, including 
thoracoplasty, is our best method of treating laryngeal (15) and intestinal 
tuberculosis. Improve the pulmonary manifestation and the disease 
as a whole is made better. Mild toxic myocarditis, nephritis and amy- 
loidosis can be benefited and even cured by collapsing cavities in the lung, 
although the immediate dangers from the operation are greater. Dia- 
betes, syphilis (unless latent) and definite cases of kidney and cardiac 
insufficiency prevent surgery. Neuropsychiatric individuals do not do 
well. Negro patients or races little immune to tuberculosis are not suit- 
able. However, we have performed thoracoplasty upon selected and 
codperative colored patients with satisfactory results. Cases have been 
transferred to us and, before coming, have been warned against thoraco- 
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plasty because they had rales over their good lung. These rales do not 
necessarily mean active disease and in themselves are no contraindication 
to thoracoplasty. 

One of the great elements in the success of chest surgery as applied in 
the treatment of pulmonary tuberculosis is close codperation between 
the internist or tuberculosis specialist and chest surgeon. The reason 
for this is plain. Surgery is undertaken for the purpose of obliterating 
cavities and the hygienic treatment in all its details must continue during 
convalescence and afterward as watchfully as before. The tubercle 
bacilli to be conquered must be fought with all weapons at hand and the 
basic treatment is not to be neglected under any circumstances. The 
selection of cases, the preoperative and postoperative treatment are 
questions to be decided both by the clinician and the surgeon. There 
are many types, methods and modifications of thoracoplasty. No one 
type or method of performing the operation is suitable for every case, 
and modifications are necessary according to indications, so that it is 
precisely a matter for both the experienced physician in charge of the 
case and the chest surgeon to decide the best procedure to follow with 
reference to each patient. Roux (16) has said that thoracoplasty is an 
art and it is becoming more and more so as our experience increases. 
The ideal collapse therapeutist is the tuberculosis specialist trained in 
chest surgery who treats and operates on his own patients. 

Certain complications occur following operations which mar our results 
and which we should be familiar with so that they can be prevented, or 
at least reduced to a minimum, and promptly recognized, understood and 
intelligently treated when they do occur. The usual causes of death dur- 
ing and immediately following operation are shock and cardiac failure. 
To prevent shock we study and prepare our patients beforehand. Cer- 
tain routine tests are made, such as blood chemistry and typing, basal- 
metabolic rate, vital capacity, electrocardiogram, etc. For three days 
before operation the patient is placed on a low caloric diet; he is encour- 
aged to take plenty of fluids, keep up a good elimination and, in addition, 
is digitalized. 

On the morning of the operation, he is urged to drain his cavities, and 
receives one hour before and again just prior to going to the operating 
room, a hypodermic of morphine (gr. 1/8 in 1 cc. of 15 per cent mag- 
nesium-sulphate solution). If the patient is nervous, luminol, 3 to 5 
grains, can be given the night before operation to assure good sleep and 
rest. Shock is produced by the condition of the patient and the char- 
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acter and magnitude of the operation, the extent of which should be 
reduced to the tolerance of each case. Haemorrhage increases shock and 
must be held down to a minimum. The method of making the incision 
and exposing the ribs described in a previous paper (14) encounters 
fewer vessels and offers an easy control of bleeding. All bleeding vessels 
should be caught and tied as they appear. Other causes of shock are 
a manipulation of the shoulder blades, especially in muscular individuals, 
and paradoxical breathing when the ribs are resected. The inward and 
outward movement of the parietal pleura with inspiration and expiration 
can be reduced to a minimum by using local instead of general anaes- 
thesia, by rapid costal resection and by applying gauze tampons until 
the wound is sutured. During this stage of the operation the patient’s 
head should be lowered. 

As soon as the ribs are resected the pleural covering of the lung is seen 
to drop in and move paradoxically with respiration. This should be 
watched for and prevented as much as possible. Not only does para- 
doxical breathing increase shock, but aspiration may be caused by this 
movement. Traumatizing of tissues also adds to shock and therefore 
careful and clean dissections are an advantage from this point of view as 
well as in the prevention of infection, even though it leads to some delay 
and slowing up of operative technique. Muscular, well-nourished pa- 
tients often show more shock than thin undernourished individuals 
because there is more haemorrhage, deeper incision of soft parts, more 
forcible manipulation of the shoulder girdle and greater traumatism. 
The inexperienced surgeon may be misled by the good general condition 
of the patient, resect more ribs and take greater liberties than with the 
patient who is undernourished and sick in appearance. We make it a 
practice to limit the operation to the resection of 5 ribs, for according to 
our experience this much of the thoracoplasty can be performed with 
comparative safety. 

When necessary to cover the boundaries of the cavity an additional 
rib or two may be resected, provided the condition of the patient war- 
rants it. The disadvantage of resecting more than five ribs is the de- 
formity which may result and the danger of the angle of the scapula be- 
coming hooked up under the seventh rib, causing an elevation of the 
shoulder on that side, pain and scoliosis. A resection limited to 5 ribs 
rarely leads to any deformity, the resected area being covered by the 
scapula, the inferior angle of the scapula riding well over the sixth rib and 
no humping of the chest resulting. In the military service, the policy of 
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endeavoring to return an officer to duty makes the upper-stage thoraco- 
plasty or some modification the method of choice. As regulations specify 
that the permanent loss of one whole lung disqualifies for service, it is 
necessary to accomplish our purpose without sacrificing the entire lung. 
As previously stated, lower-lobe cavities can be closed by partial pneumo- 
thorax or phrenicectomy. Therefore, in the majority of cases our thora- 
coplasties can be limited to an upper-stage operation. ‘This is the opera- 
tion of choice because, in addition to absence of deformity and minimal 
sacrifice of normal lung parenchyma, it is performed over an area well 
covered and supported by the scapula, so that pendulum and paradoxical 
breathing does not occur as a complication later on. 

Cardiac failure is the commonest cause of death following thoraco- 
plasty. To prepare the heart for the operation, the patient is well 
digitalized. During the operation the heart is watched closely through 
the pulse and frequent blood-pressure readings for early danger signals. 
A marked drop in blood-pressure as well as acceleration and irregularities 
of the pulse are treated by heart stimulants, by hypodermic injections of 
adrenalin, oxygen inhalations, lowering of the head of the patient and 
physiological normal saline solution by hypodermoclysis. As a rule, 
under these methods of treatment the patient passes through the opera- 
tion safely, but cardiac failure may occur later due to various complica- 
tions which place a strain on the heart. Principal of these complications 
are aspiration with resulting tuberculous bronchopneumonia, wound 
infection, paradoxical breathing, massive collapse and defective pulmo- 
nary drainage. The standard thoracoplasty usually means an extensive, 
deep and much-lacerated wound, poorly drained and giving rise to con- 
siderable toxaemia during the first week of operative convalescence. One 
complication may lead to another as, for instance, wound-infection, 
aspiration and massive collapse, by causing dyspnoea, may bring on 
paradoxical breathing through labored respirations. Digitalization and 
oxygen may support the heart during the presence of these difficulties, 
but when no response to treatment occurs the prognosis is extremely 
grave. Symptoms of heart decompensation, such as digestive disturb- 
ances, flatulence and vomiting, add fuel to the fire and must all be treated 
symptomatically along with every effort to remove the cause. Defective 
drainage of the lung and atelectasis are prevented and treated by en- 
couraging the patient to cough and by changing his position at regular 
intervals. Wound-infection requires surgical treatment and pendulum 
breathing is relieved by firm strapping and support of the operated side. 
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Good experienced nursing is most important and every prospective 
thoracoplasty case is to be impressed with its postoperative value. 

Wound-infections are to be guarded against most carefully during the 
operation. These wounds, due to their depth and size, traumatism of 
tissue and tendency to ooze are more apt to become infected than other 
operative wounds. They offer a favorable environment for the growth 
of bacteria and in them organisms will flourish and spread, even though 
they are few in number and not sufficiently virulent to cause manifest 
infection in other wounds. Aspiration during thoracoplastic operations 
can be prevented or reduced greatly by a preliminary phrenicectomy; by 
urging patients to empty their cavity by posture and coughing just prior 
to operation; by the employment of local anaesthesia; by keeping the 
patient’s head low during operation and by preventing paradoxical move- 
ment of the pleura after the ribs are resected. Quiet breathing under 
local anaesthesia diminishes the amount of movement of the unroofed 
parietal pleura. In the few cases in which we have tried spinal anaes- 
thesia we have found it very satisfactory, although dangerous to a cer- 
tain degree. The patients are calm, relaxed, free from pain and breathe 
quietly while being operated on. 

Among the less common complications of thoracoplasty are spontane- 
ous pneumothorax, pulmonary haemorrhage, tuberculous meningitis, 
lighting up of foci of infection other than tuberculous, delirium tremens, 
thyroiditis, pendulum breathing, osteomyelitis of rib-endings, etc. 
Spontaneous pneumothorax on the operated side may occur after opera- 
tion in cases partially collapsed by air at the time of the thoracoplasty. 
To prevent this complication, air should be withdrawn and pressure 
carefully regulated. A spontaneous pneumothorax usually leads to a 
mixed infection empyema which requires radical treatment by surgery. 
Pulmonary haemorrhage is not to be feared if the cavity is completely 
collapsed, but if a cavity happens to be in an area of the lung which is 
subjected to greater movement and blood circulation by one stage of the 
operation, bleeding may even start during the operation or shortly after- 
ward with fatal result from aspiration. If an incompletely collapsed 
cavity undergoes haemorrhage, an unroofing operation is indicated. Tu- 
berculous meningitis has been a complication in four of our thoracoplasty 
cases, probably due to the rupture into a pulmonary vein of some tuber- 
culous focus traumatized during the operation. This complication is so 
rare that it plays a small part in the fatal results of thisoperation. Light- 
ing up of latent foci, nontuberculous in nature, following thoracoplasty 
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has been observed too often to be coincidences. Symptoms of cholecys- 
titis, arthritis, pyelitis, gastric and duodenal ulcers, etc., not previously 
suspected, have become manifest for the first time following thoracoplasty. 
Delirium tremens ended the life of one of our patients who before opera- 
tion had concealed the fact that he was an alcoholic. Thyroiditis, 
especially in young female patients, is observed now and then after chest 
surgery. The thyroid becomes swollen and tender and the pulse rapid. 
Such symptoms are generally controlled by Lugol’s solution. Pendulum 
breathing is one of the late complications noticed first when the patient 
getsupandaround. In cases having a complete or lateral thoracoplasty, 
the chest-wall on the operated side may be left without sufficient support, 
retracting during inspiration while the contralateral side is expanding, 
and thereby giving rise to pendulum breathing. This causes the patient 
to be short of breath and at times slightly cyanotic. The upper pos- 
terior, and to a limited degree the lateral, part of the thorax is supported 
by the scapula following thoracoplasty, but not so the lower and anterior. 
Here we must exercise care less we remove too large a section of the rib, 
so that the degree of collapse will not permit an approximation of the rib 
endings. Bony bridges between the resected rib-endings are not firm 
enough for support during inspiration, or false joints may form which 
fail to sustain the proper resistance. This can be prevented by reducing 
the extent of rib resection; once it has developed, then it should be treated 
by artificial support consisting of well-fitting pads attached to a cuff 
around the shoulder on the opposite side. Osteomyelitis of the rib-end- 
ings is not an uncommon complication, sometimes developing months 
or years after operation and often manifested by a cold abscess. The 
cause is usually wound infection or too much traumatism of the rib at the 
time of the chest surgery. The prevention is careful resection and pro- 
tection of the periosteum against undue injury. The cure is removal of 
the diseased bone and thorough drainage. 

The principal purpose of thoracoplasty is to obliterate cavities. Large 
or giant cavities cannot be completely obliterated by posterior thoraco- 
plasty alone and additional operative procedures are necessary for the 
surgical collapse of such cavities. Radical resection and even an addi- 
tional anterior resection of the ribs previously resected posteriorly will 
not accomplish an obliteration. External pneumolysis can be used as 
another method of dealing with cavities, but is not always effective when 
employed alone. It is applied, usually, as an apicolysis with a gauze (19) 
or paraffin pack. The objection to the paraffin pack is that sooner or 
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later, as a rule, the paraffin pack must be removed. We have gradually 
come to realize that the only sure method of effacing a cavity, even of 
medium size, is a combination of pneumolysis and posterior thoracoplasty 
or by unroofing the cavity very much in the same way as we treat sur- 
gically a pulmonary abscess. A combination of pneumolysis and thora- 
coplasty is carried out by two methods. In the beginning we used the 
method of first doing an apicolysis with a vaseline-gauze pack, resecting 
the second rib in front, separating the parietal pleura over the upper 
part of the lung and later, after a month or so, performing a posterior 
upper-stage thoracoplasty. 

Certain cases, such as those with bleeding cavities, residual cavities 
after thoracoplasty, midlung cavities, etc., may require a simple un- 
roofing operation. This may be done in one or two stages, according to 
indications; for instance, in checking haemorrhage a one-stage operation 
may be necessary. The ribs are resected over the iocation of the cavity, 
usually posteriorly (25) but occasionally anteriorly, when the cavity is in 
close approximation to the front of the chest. Usually an ordinary 
upper-stage posterior paravertebral operation is performed and the 
parietal pleura cleared of fasciae and intercostal muscles. The cavity, 
having been localized by means of the X-ray, can usually be palpated 
through the pleura as an area of lesser resistance and unroofed at once by 
means of the electrocautery, first coagulating the lung tissue over the 
cavity by using the coagulating current and then uncovering the extent 
of the cavity with the cautery knife. The cavity is immediately packed 
with iodoform or argyrol gauze. The edges of the wound are tucked 
in and sutured over the rib endings, and the lower part of the wound 
is sutured, leaving open the part over the cavity which is packed as 
described above. In the two-stage operation, the cavity is not opened 
until several weeks later, after all pockets and crevices are filled in well 
with granulation tissue. The second stage consists merely of unroofing 
the cavity with the electrocautery, which requires little or no anaesthesia 
and guards against severe infection when the wound is flooded with the 
cavity contents. Unroofing of a cavity may also be indicated when we 
have cavities and large involvements in both lungs; a situation which 
demands the operative closure of a cavity without sacrificing any normal 
lung parenchyma. More recently we have devised an improved method 
of performing a combined posterior upper-stage thoracoplasty and 
pneumolysis in one operation. 

The technique of this operation was suggested in the course of the first- 
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stage procedure for the drainage of a tuberculous cavity of the upper 
lobe, as previously mentioned. It had been found that it is best to do a 
two-stage operation for the drainage of these cavities. First, an extra- 
pleural thoracoplasty is done and the wound packed open. When 
granulation is sufficiently advanced, the rib ends covered, and all pockets 
filled, the cavity is then opened and drained without danger of serious 
wound-infection. The disadvantages of cavity-drainage are evident, 
granulation and filling in is slow, bronchial fistulae are inevitable, and the 


Fic. 1. CaspER THORACOPLASTY. First Step. Upper STAGE PARAVERTEBRAL THORACO- 
PLASTY. Upper FIvE Rips RESECTED SHOWING ANTERIOR RIB ENDINGS AND 
INTERCOSTAL MUSCLES 


final closing of the fistulae problematical. It seemed that, if the open 
thoracoplasty wound were packed firmly enough, the cavity might be 
obliterated and subsequent drainage made unnecessary. Also, about 
this time a former patient returned to the hospital, who had had a thora- 
coplasty some years previously. ‘There had been infection in the wound, 
which had been opened widely and packed. The end-result was excel- 
lent, a large cavity having been completely obliterated. This, too, 
suggested the idea that firm packing of the wound might not be a dis- 
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advantage. With these cases in mind, a technique was planned, de- 
signed to close any apical tuberculous cavity of any size: and in any 
location. The first stage is an upper-stage extrapleural thoracoplasty, 
removing wide sections of 5 to 7 upper ribs, depending upon the location 
of the cavity. This part of the procedure is well known and requires 
no further description. One point, however, requires emphasis, and 
that is that every possible portion of the periosteum be removed from 
the ribs and left in the wound. The reason for this will appear later. 
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Fic. 2. CASPER THORACOPLASTY. SECOND STEP. EXTERNAL PNEUMOLYSIS. PARIETAL 


PLEURA STRIPPED FROM APEX AND PARAVERTEBRAL GROOVE 


The next step is an extrapleural pneumolysis, the parietal pleura being 
stripped from the spine and from the dome of the thorax. . This proce- 
dure is most easily begun by following the posterior rib stumps, separa- 
tion of the pleura being carried out by the finger hugging the bone 
closely. This separation is usually easy, and can be carried as far for- 
ward on the spine as the indication of the case requires. Occasionally 
the pleura is so adherent that a periosteal elevator must be:employed to 


start the separation. 
Starting from each rib stump the separation is continued above, below 
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and forward, the fingers meeting on the spine anteriorly to the intercostal 
muscles. When extreme collapse is desired, these muscles must be 
divided between the ligatures close to the spine, as, stretching across 
the space to be collapsed, they prevent complete approximation of the 
posterior parietal pleura to the anterior chest-wall. The pneumolysis 
is continued over the apex of the lung. However, it is not desirable to 
carry separation too far anteriorly, lest a thick-walled cavity be displaced 


Fic. 3. CASPER THORACOPLASTY. THIRD STEP. APICAL SULCUS AND PARAVERTEBRAL 
GROOVE PACKED WITH ARGYROL GAUZE. ANTERIOR WOUND FLAP TUCKED IN AND 
SUTURED OVER ANTERIOR RIB-ENDINGS 


downward rather than collapsed by pressure from behind against the 
anterior chest-wall. Packing is now applied, so that the lung is com- 
pressed against the anterior chest-wall. Roller bandages, soaked in 20 
per cent argyrol, are used for this purpose and it usually requires three 3- 
inch bandages to provide sufficient packing. The cut-edges of the back 
muscles are closed in with double sutures of catgut, approximating the 
superficial and deep layers of fascia and likewise providing for haemo- 
stasis. The forward curving lower end of the incision is closed by sutures, 
the paravertebral portion being left open and its edges packed apart. 


— 
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The same type of adhesive-plaster dressing is applied as in the ordinary 
thoracoplasty. The outside dressing is changed in twenty-four or forty- 
eight hours, depending upon soiling, but the packing of the deeper wound 
is not disturbed for five to seven days. After this the wound is dressed 
and the packing removed and replaced every two or three days. The 
wound is tightly packed, until periosteal regeneration has so far advanced 
that the bottom of the wound is rigid, in other words, until a rigid bony 
thorax has resulted. This is of great importance to the patient, and for 
this reason all possible periosteum is preserved. After that, packing is 


Fic. 4. CaspER THoRACOPLASTY. FourtH STEP. WounD PACKED AND, LowER Part 
CLOSED BY SUTURES 


put in lightly, and granulation or filling in of the wound is encouraged. 
Complete healing may be expected in about three months. Long before 
that time, however, the patient may be ambulant. It is surprising how 
little the patient complains about the discomfort of the dressings. After 
the first ten days, there is hardly any complaint at all. 

While a linear scar is hardly to be expected, the end-result is surprisingly 
inconspicuous. The function of the shoulder and arm is entirely re- 
gained before the wound is healed. The disadvantages of this procedure 
are length of time required for healing, the number of dressings necessary, 
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and the depressed and broad scar which often results. In compensation 
for these disadvantages, however, the patient may be promised that his 
cavity will be closed, which the standard procedure fails to do in about 
50 per cent of the cases. Infection need no longer be feared. The type 
of dressings prevents mediastinal flutter and pendulum breathing. Pa- 
tients have less shock and a smoother convalescence than with an ordi- 
nary extrapleural thoracoplasty. 

The following thoracoplasty statistics are given, to show the late and 
permanent results of the operation and also to present the effects of the 
operation upon the progress of pulmonary tuberculosis, especially in 
connection with the obliteration of cavities: 


STATISTICAL SUMMARY OF RESULTS OF THORACOPLASTIC OPERATIONS, 
FITZSIMONS GENERAL HOSPITAL 


TABLE 1 


1922-1928 1929 
Operations performed 30 


Cases of operation: 
Left-sided cases 
Right-sided cases 

Total cases 


TABLE 2 


April 20, 
1932 


1922-1928 1929 
Analysis 
Pyopneumothorax (tuberculous empyema)... 15 1 2 
Number of patients in whom partial pneu- 
mothorax had been induced before opera- 
25 
Number of patients on whom phrenic exaire- 
sis had been performed prior to opera- 
18 
Deaths occurring within 3 months following 
operation. (Indirect operative mortal- 
ity.) (Indirect operative mortality gen- 
erally refers to details taking place from 1 
to 3 months after operation, usually due 
to extension of the disease, cardiocircu- 
latory failure, wound sepsis, and other 
complications, which may indirectly be 
the result of the operation.)............. 13 


April 20, 
1930 1931 
11 55 28 9 
14 91 59 14 
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TABLE 2—(Concluded) 


April 20, 
1922-1928 1929 1930 1931 1932 


Deaths occurring within 7 days following 
operation. Direct operative mortal- 
ity. (Direct operative mortality taking 
place the first week following thoraco- 
plasty, and including shock, cardiac 
failure, anaesthesia, postoperative pneu- 


Anaesthesia (spinal)................000- 0 0 0 0 1 
2 0 2 1 0 
1 0 0 0 0 
6:5 0 0 1 0 0 
Septicaemia and gas-bacillus wound-in- 

5 0 0 0 0 
Streptococcic wound-infection........... 0 0 0 2 0 
Tuberculous meningitis................. 0 0 1 0 0 

8 0 6 5 1 

TABLE 3 
Results of operations 1922-1928 1929 1930 1931 20, M032 
9 5 18 14 0 
1 0 5 4 0 
Total cases operated on...............6. 90 9 90 63 18 
TABLE 4 
Types of operations 
Upper-stage posterior thoracoplasty, alone. ....... 55 
Lower-stage posterior thoracoplasty, 5 
Complete thoracoplasty (upper and lower).............0.ccscccecccercceccces 34 
Complete thoracoplasty and anterolateral. 11 
Unroofing of empyema, tuberculous, cavities.................ececcceceseceees 19 


tistics. 


* Cases of internal pneumolysis or cauterization of adhesions not included in these sta- 
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TABLE 5 
Complications occurring after thoracoplastic operations 
Neuritis from pressure of regenerated rib-endings..............ceceeeeeeeeeeeeee 1 
TABLE 6 
Causes of death of thoracoplastic cases 
1922-1928 1929 1930 1931 20.4032 

Aspiration 2 0 0 
0 0 1 0 0 
1 0 0 0 0 
Gas-bacillus infection of wound............ 0 0 2 0 0 
General retrogression of tuberculosis........ 13 0 J 0 0 
Haemorrhage, pulmonary..............+-- 3 1 3 0 0 
0 0 1 0 0 
Mediastinal encysted epyema and suppura- 

0 0 1 0 0 
2 0 5 2 0 


| 


amyloidosis. 
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TABLE 6—(Concluded) 
April 
1922-1928 1929 1930 1931 20, 1932 
0 0 0 2 0 
Spontaneous pneumothorax, contralateral 
Spread of disease in contralateral lung...... 2 0 0 0 0 
Streptococcic infection of wound........... 0 1 1 - 3 0 
Streptococcic pneumonia.................. 1 0 0 0 0 
Tuberculous meningitis................... 3 1 2 2 0 
Total number of deaths by years........... 47 4 32 18* 2 


Total number of deaths entire period, 1922 to April 20, 1932: 103 


* During the year 1931 the unroofing of cavities was introduced as an operative procedure 
and was associated at first with a high death-rate. 


TABLE 7 


Thoracoplastic cases and operations by years from 1922 to April 20, 1932 
1922 1923 1924 1925 1926 1927 1928 1929 1930 1931 1932 


WACASES 1 8 17 30 24 8 4 14.91 59 -14 
i ere 2 12 19 S56 42 19 8 30 177 140 22 
Total number of cases operated on from 1922 to April 20, 1932, inclusive......... 270 
Total number of operations from 1922 to April 20, 1932, inclusive................ 527 
Total number of cases operated on, living April 20, 1932.................. 167 
Total number of cases operated on, dead April 20, 1932.................4. 103 
Of the 270 cases operated, 217 were bilateral and 53 were unilateral 
Living cases with unilateral involvement................eceeeeeee 36 
Living cases with bilateral 131-167 
Death cases which had unilateral involvement..................4.. 17 
Death cases which had bilateral involvement..................... 86 103 
270 


Seven colored tuberculosis patients have had thoracoplasty at this hospital. Four are still 
alive, three of which are definitely improved and one arrested. Of the fatal results, two 
died of cardiac failure and one, a case of mixed-infection pyopneumothorax, finally died of 


| 
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TABLE 7—(Concluded) 
Unroofing of cavities, pneumolysis and Casper operation cases 


Thoraco plasty 
Apparently cured............ 0 0 0 0* 
9 (40.9%) § 3 10 
ene 1 ( 4.6%) 1 0 0 


* Too soon after operation for higher rating. 


22 cases of unroofing of cavities 


9 deaths as follows: haemorrhage (aspiration) 3; haemorrhage (loss of blood) 1; failure to 
check advance of disease 3; amyloidosis 1; streptococcus septicaemia 1. Reason for operation: 
to obliterate cavity, 19; to treat haemorrhage, 3. All cases developed bronchial fistulae and, 
with one exception, none have closed completely; a number have obliterated their cavity and 
four of these have now fine external fistulae which close and open again from time to time. 


12 cases of thoracoplasty and pneumolysis 


3 deaths: 2 due to shock and 1 to tuberculous meningitis. In the latter case patient closed 
large cavity in contralateral lung and was considered an arrested case but died later of tubercu- 
lous meningitis. 


4 cases of pneumolysis 
1 death due to tuberculous meningitis and failure to check advance of disease. 


12 cases of Casper technique 
In all cases cavities have been obliterated. These cases have been free from complications. 


Thoracoplasty statistics are not open to comparison, as the results of 
operation depend largely on the type of case selected for operative treat- 
ment. While all tuberculosis specialists and chest surgeons are familiar 
with the indications for operation and appreciate its dangers and limita- 
tions, they differ regarding the acceptance of cases, some operating when- 
ever there is a chance, however slight, of saving or prolonging life, others 
demanding a high percentage of success and refusing to endanger or 
shorten the life of the patient, however slight the risk. Sauerbruch 
reports an operative mortality of between 3 and 4 per cent in a series of 
several thousand cases (13). Bull (22) had an operative mortality of 
11 per cent among 401 cases. Alexander, collecting statistics (23) on 
1,159 cases, gives a mortality of 12.3 per cent. The Matson brothers 
(21), tuberculosis specialists, who do their own chest surgery, claim as 
low an operative mortality as 1.5 per cent. Archibald states that, if 
cases are properly selected, he can promise an operative mortality of 
between 4 and 5 per cent; but with cases indifferently selected, 9 per 
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cent, and those badly selected, over 50 per cent (24). Each year the 
operative reports improve, due both to a wiser selection of cases and 
better technique. Yet another factor is slowly making its appearance. 
Patients are no more fear-stricken at the thought of thoracoplasty. The 
operation is better known and no longer considered in an experimental 
stage. It has restored many advanced tuberculosis cases to health and 
patients are resorting to collapse surgery early while they are still good 
surgical risks. Although still subject to further proficiency, thoraco- 
plasty is now soundly established in the domain of collapse therapy. 


SUMMARY 


1. The first scepticism, as shown twenty years ago, with reference to 
artificial pneumothorax has vanished, and we are now witnessing the 
disappearance of all doubt regarding the value and applicability of 
thoracoplasty in the treatment of phthisis. In late years our greatest 
progress in phthisiotherapy has been in the treatment of advanced cases 
of pulmonary tuberculosis, which were formerly considered hopeless and 
were abandoned to the natural evolution of their disease. Chemothera- 
peutic and serotherapeutic methods come and go, but a standardized 
hygienic routine and developing collapse therapy are with us to stay, at 
least until a specific cure for tuberculosis is finally discovered. Thoraco- 
plasty is now recognized as occupying a place of great consequence in 
the collapse treatment of chronic pulmonary tuberculosis. 

2. The great problem in the treatment of chronic pulmonary tubercu- 
losis is the closure of pulmonary cavities. 

3. Posterior thoracoplasty fails to close completely the majority of 
cavities, even when the more radical subscapular operation of Brauer is 
used and even when supplemented by anterior and lateral resections of 
the ribs. 

4. Unless a thoracoplasty completely obliterates a cavity, it has failed 
in its purpose and the patient, even though improved, continues to have 
symptoms of tuberculosis and remains subjected to the perils of haemor- 
rhage, extensions and further activities of the disease. 

5. Cavities not completely closed may harbor mixed infections and 
have their drainage interfered with by partial collapse, so that they are 
associated with increased toxaemia and behave very much like lung 
abscesses. 

6. The unroofing of cavities is more applicable in the treatment of 
residual cavities after the standard method of performing thoracoplasty, 
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in checking severe and recurrent pulmonary haemorrhages and when it is 
desired to drain a cavity without sacrificing any normal lung parenchyma, 
as in cases of advanced bilateral involvement or in the presence of mid- 
lung cavities which would require the loss of an entire lung for closure 
by thoracoplasty. 

7. A modified thoracoplasty which assures the complete closure of 
cavities is greatly in demand and the combination of posterior thoraco- 
plasty with pneumolysis, as described in the Casper technique, represents 
a definite advance in the recent development of thoracoplasty and the 
surgical treatment of pulmonary tuberculosis. 
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THE VALUE AND LIMITATIONS OF PHRENICECTOMY 
IN ADVANCED PULMONARY TUBERCULOSIS':: 
A Report on 183 Cases 


I. D. BRONFIN anv M. CHERNYK 


When Stuertz (1) first performed in 1911 simple phrenicotomy for 
the treatment of a lower-lobe pulmonary lesion, he probably little dreamt 
of the wide range of usefulness which this operative procedure, with 
certain modifications, would prove to have in the next two decades. 
Two years later Sauerbruch (2) reported 5 cases in which he did this 
operation. Although Walther (3) in 1914 called attention to the fact 
that mere division of the phrenic nerve does not produce complete paraly- 
sis of the diaphragm in more than 50 per cent, it remained for Goetze (4) 
and later Felix (5) to show by anatomical studies the presence of one or 
more accessory phrenic nerves in from 20 to 80 per cent of persons, and 
that motor fibres to the diaphragm through the phrenic nerve are also 
supplied by the suprapleural sympathetic plexus. Goetze, therefore, 
proposed the radical phrenicectomy, consisting of cutting 2 cm. of the 
phrenic nerve and 2 cm. of the accessory branch, the latter being identi- 
fied anterior to the 5th cervical root. To overcome the motor effect of 
the filaments coming off from the suprapleural plexus, Felix (5) suggested 
the evulsion or exairesis of the phrenic nerve for a sufficient length, as 
local conditions might permit. This method is now generally employed 
by all surgeons, except when it is desired to obtain only a temporary 
diaphragmatic paralysis. 


ANATOMICAL ALTERATIONS AFTER PHRENICECTOMY 


The rise of the diaphragm varies from 1 to 10 cm. on the right side and 
from 1 to 8 cm. on the left side. This diaphragmatic ascent reduces the 
volume of the corresponding lung from { to 4 of its normal extent. 
The maximum rise, and hence the maximum diminution, in lung capac- 
ity may not occur for weeks or months after the operation. The affected 


1 From the National Jewish Hospital, Denver, Colorado, and the University of Colorado 
School of Medicine. 

? Read at the annual meeting of the American Sanatorium Association, Denver, Colorado, 
June 6, 1932. 
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lower portion of the lung becomes partially compressed and the circula- 
tion of blood and lymph is retarded. Paradoxical breathing can be 
invariably observed, although a slight descent may be noted at the end of 
deep inspiration, due to the tugging action of the unparalyzed half of 
the diaphragm. While roentgenoscopy is of the greatest aid in demon- 
strating these gross changes, they can be verified clinically by the greatly 
diminished respiratory murmur, impaired basal resonance or dulness, at 
times bronchial breathing and pectoriloquy and relative immobility of 
the lower chest-wall. Following left-sided phrenicectomy, the stomach 
and splenic flexure of the colon rise upward, resulting occasionally in 
temporary mild digestive disturbances. Ballan (6) and his associates 
found the lower portion of the oesophagus displaced toward the unaf- 
fected side during inspiration with a return to its former position during 
expiration. Actual oesophageal obstruction they have not observed 
either in man or the experimental animal. 


FACTORS RESPONSIBLE FOR BENEFICIAL RESULTS 


The palliative or curative effects are attributed by most observers to 
pulmonary rest, resulting from the compression and relaxation of the 
diseased lung. Brunner’s (7) experiments have shown that a right lung 


of 2,400-cc. volume is diminished by from 400 to 800 cc. by phrenicectomy. 
However, Diinner (8) and his associates, experimenting on dogs, found no 
change in the minute volume of the lung on the operated side as compared 
with the normal side. Based on this evidence, their conclusion is that 
phrenic exairesis does not put the lung at rest and that the favorable re- 
sults might be due to the interference with the sympathetic and vagus 
nerve filaments to the lung during phrenic evulsion. Sergent and Baum- 
gartner (9) are of the opinion that only lower-lobe lesions are favorably 
influenced, while Bacmeister (10), Zadek (11) and numerous others on 
the Continent and in this country have noted that the effect on the apex 
is frequently as good as on lower and middle-lobe lesions, provided, as 
was pointed out by Jessen (12), the upper lobe is free from extensive 
fibrosis and pleural adhesions. When a pneumothorax is supplemented 
by phrenicectomy, roentgen films clearly show that not only pleural ad- 
hesions at the base but fibrous bands extending upward toward the apex 
arerelaxed. Alexander (13) correctly stresses that the mere “elimination 
of the pumping function of the diaphragm is the most important single 
factor in resting the lung.” As will be shown later, excellent results 
have been noted by us in some cases with extensive pleurodiaphragmatic 
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adhesions in which there was no apparent rise of the diaphragm, but it 
must be conceded that in the majority of cases the symptomatic relief 
and final results are usually proportional to the extent of the ascent of 
the diaphragm into the thorax. 


INDICATIONS 


As already noted, phrenic exairesis was originally intended to control 
lower-lobe pulmonary tuberculous and nontuberculous lesions. It was 
later applied with good results in unilateral middle or upper-lobe lesions 
when pneumothorax was found inadequate or could not be induced on 
account of pleural adhesions. In fact, Alexander (14) proposed its use 
for early cases when the prospects for good results from routine sana- 
torium treatment were not good, and the physician or patient or both 
were reluctant to start pneumothorax because of the tediousness of the 
treatment and the fear of possible complications. Many clinicians now 
resort to this measure in cases of bilateral disease with major involvement 
of one side when the latter cannot be compressed by artificial pneumo- 
thorax. Nearly all authors mention, among the important indications, 
the testing of the efficiency of the contralateral lung, especially if the 
latter shows suspicious or actual anatomical lesions roentgenographically 
and a thoracoplasty for the more diseased lung is contemplated. The 
value of this test in our experience is questionable, although most of our 
patients who were submitted to thoracoplasty had a preliminary phreni- 
cectomy. This, however, was done not solely to test the efficiency of 
the contralateral lung, but rather either to improve the general condition 
of the patient to the extent of making him a safer operative risk or, as 
has actually occurred in a few instances, to obviate the necessity of the 
major operative procedure. 

As an accessory to pneumothorax, phrenicectomy has found many 
valuable applications: for instance when there are basal or lateral ad- 
hesions that prevent satisfactory compression or give rise to pain after 
each refill; when there is a tendency to recurring pleural effusions, and 
when the lung begins to reéxpand as a result of a persistent pleural effu- 
sion. In cases of tuberculous empyema phrenic evulsion is of value in 
lessening the hemithorax, thereby reducing the empyema pocket and an 
ultimate obliteration of the space without resection of ribs. Occasion- 
ally, even a bronchial fistula will close, resulting subsequently in a cure 
of the empyema. 
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By far its greatest field of usefulness in far-advanced cases is as an 
independent procedure to control symptoms such as excessive or emetic 
cough, copious and tenacious expectoration, haemoptysis, pain, and 
such constitutional symptoms as fever, tachycardia and malaise. While 
the improvement is frequently only temporary, it affords the patient a 
reprieve for as long a time as would an incomplete or partial pneu- 
mothorax in unilateral and, more especially, bilateral cases, and with less 
hazard and inconvenience. 


RESULTS 


The results of phrenicectomy vary considerably. When O’Brien (15) 
reported unusually excellent results in a series of 500 cases, very much to 
the astonishment of his audience, one of us (16) pointed out that his 
material was probably not comparable to that observed in Western in- 
stitutions whose patients are usually of the more chronic and advanced 
types. Of O’Brien’s 378 cavity cases, 238 had thin-walled cavities, 56 
moth-eaten cavities and 84 thick-walled cavities. Of the latter type, 
only 7.1 per cent closed after the operation, whereas 58.8 per cent of the 
first group and 90 per cent of the second group showed closure. Very 
few of the patients in our series had thin-walled or moth-eaten cavities. 
It is, therefore, perfectly obvious that unless an accurate description is 
made of the cases reported upon, the results cannot be properly ap- 
praised. The length of observation of the patient following the operation 
is of importance and must be taken into account when cures are reported. 
Another well-deserved criticism is made by Moore (17), who points out 
that most reports tabulate “‘the final outcome of the disease rather than 
the fulfillment or nonfulfillment of the surgeon’s expectation.” It must 
be emphasized that phrenicectomy as an independent procedure in far- 
advanced cases of pulmonary tuberculosis is primarily a palliative meas- 
ure, and the results should be evaluated chiefly on the basis of relief of 
symptoms. When employed as a preliminary or supplementary measure, 
the success or failure must not be attributed entirely to the phrenicectomy. 
To obviate such pitfalls, we found it convenient to arrange our patients 
into several groups, each descriptive of the extent of pulmonary involve- 
ment or the special conditions for which the operation seemed indicated. 
Where no special indications are mentioned, the procedure was done prin- 
cipally for the relief of symptoms when pneumothorax was ineffective, 
impossible or contraindicated. 


1 


VALUE AND LIMITATIONS OF PHRENICECTOMY 693 


CLASSIFICATION OF PATIENTS AND RESULTS IN THE RESPECTIVE GROUPS 


Our report is based upon 183 patients,—112 men and 71 women. The 
average duration of illness prior to the operation was 4.6 years. The 
operative work was performed by Doctors Casper Hegner and George 
Packard. The method employed by them was identical in every respect. 
Seventy operations were performed on the right side and 113 on the left 
side. The extent of popularity which phrenicectomy gained in the 
National Jewish Hospital during a period of nearly eight years can be 
seen from table 1. 


TABLE 1 
Number of phrenicectomies and the years in which they were performed 


vesn 


The extent of pulmonary involvement or complication for which 
phrenicectomy seemed indicated is shown in table 2. 


TABLE 2 
Classification of patients into 10 groups 


1. Unilateral involvement without or with doubtful cavitation.......... 7 
2. Unilateral involvement with upper-lobe cavitation.................. 29 
3. Unilateral involvement with cavitation in more than one lobe........ 11 
4, Bilateral disease without contralateral cavitation................... SI 
5. Bilateral cavitation with major involvement on operated side........ 37 
7. Nontuberculous basal lesions, including bronchiectasis.............. “ 
8. Pneumothorax with uncollapsed cavities... 19 
9. Pyopneumothorax without bronchial fistula...................000es 6 
10. Pyopneumothorax with bronchial fistula. 14 


4 
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As a matter of conservatism, based on a number of disappointing ex- 
periences, we apply the term “arrested” instead of “apparently cured” 
even to those patients who have had negative sputum findings and had 
been free from constitutional and local symptoms for several years and 
pursuing a normal life. The term “improvement’’ refers to either the 
general condition, symptoms or both. The results obtained in the re- 
spective groups can be seen from table 3, but, for the sake of greater 
accuracy, certain pertinent facts not easily tabulated are described in 
detail. 


TABLE 3 


Clinical results of phrenicectomy in relation to extent of pulmonary involvement and complications 
in 183 cases 


RESULTS 
EXTENT OF LESION OR COMPLICATION a 
PATIENTS} A} 

Group 1: Unilateral without or with 

doubtful cavitation............... 7 | 4 157.1) | 0/0 
Group 2: Unilateral with upper-lobe 

29 | 8 |27.5| 1034.4) 3 |10.3) 1 | 3.4] 7 |24.1 
Group 3: Unilateral with cavitation 

in more than one lobe............ 11 | 2 (18.1) | | 2 /18.1 
Group 4: Bilateral without contra- 

lateral 51 | 0 | 6 |11.7| 9 117.6] 9 |17.6 
Group 5: Bilateral cavitation, major 

om operated Gide... 37 | 1 | 2.7) 13/35.1] 5 {13.5} 7 |18.9)11 |29.8 
Group 6: Basal cavitation........... 5 | 2 |40 30 |0;0 |0/0 
Group 7: Nontuberculous basal 

4 1 |25 0}0 | 2/50 | 0; 0 1 {25 
Group 8: Pneumothorax with uncol- 

19 | 4 /21 8/42.1) 6 |31 | 1 
Group 9: Pyopneumothorax without 

6 | 2 {33.3} 0} 0 | 2 (33.3}0]0 | 2 [33.3 
Group 10: Pyopneumothorax with 

bronchial fistula. 14 | 5 35.7) 1) 7.1] 1 | 7.1] 2 (14.2) 5 |35.7 


Key to abbreviations: A = arrested, I = improved, S = stationary, W = worse, D = 
died. 


ANALYSIS OF RESULTS IN EACH GROUP 


Group 1: The striking feature in this group is the fact that over 57 
per cent of the patients acquired an arrest of the disease and nearly 43 
per cent were greatly improved. The phrenicectomy was the sole pro- 
cedure in all of these patients. All have full-time working ability and 
have been observed from one to three years after the operation. It 
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should be noted that all the patients in this group had the benefit of 
conservative sanatorium or home treatment for 6 months to 2 years. 
The inescapable conclusion is that patients with unilateral pulmonary 
lesions without cavitation or with questionable cavitation have an even 
chance of either effecting a cure or an economic recovery from phreni- 
cectomy when pneumothorax has failed or was found inapplicable. 


Group 2: Of the 29 patients with unilateral upper-lobe well-defined 
cavitation, 8, or 27.5 per cent, acquired an arrest of the disease. As five 
of these favorable results were from subsequent thoracoplasty, only three 
obtained an arrest from phrenicectomy alone. The cavities in two of 
these patients closed, while in the third, though physical signs of cavita- 
tion are still present, the sputum had been persistently negative even on 
animal inoculation. 


TABLE 4 


Clinical results of phrenicectomy in 122 cases in which this operation was employed as an inde- 
pendent and sole procedure 


TOTAL RESULTS 
EXTENT OF LESION OR COMPLICATION oe 
PATIENTS} A| 
Group 1: Unilateral without or with 
doubtful cavitation.............. 7 | 4 57.1] 3/42.9.0/0 
Group 2: Unilateral with upper-lobe 
17 | 3 |17.6| 8/47 | 3 117.6) 1 | 5.8) 2 {11.7 
Group 3: Unilateral with cavitation 
in more than one lobe............ 9 | 1 {11.1) 6/66.6; 1 | 1 j11.1 
Group 4: Bilateral without contra- 
lateral 43 | 23/53.4| 5 |11.6) 7 |16.3) 8 |18.6 
Group 5: Bilateral cavitation, major 
OR Operated 37 | 1 | 2.7) 13)35.1] 5 7 [29.7 
Group 6: Basal cavitation........... 5 | 2 |40 310 |0/0 
Group 7: Nontuberculous lesions... . . 4 | 1 0;}0 | 2 (50 | 1 {25 


Key to abbreviations: A = arrested, I = improved, S = stationary, W = worse, D 
= died. 


Since only 3, or 17.6 per cent, became well from phrenicectomy alone, 
the results might on superficial analysis appear discouraging, especially 
when compared with the mortality figures. Yet, taking into considera- 
tion that, of the 7 deaths in this group, 5 patients died in from 36 hours to 
3 months after thoracoplasty, the total favorable and unfavorable re- 
sults balance each other. This is more graphically shown in table 4, 
which records 122 cases in which phrenicectomy was the sole procedure. 
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The mortality figures in this table for groups 2 and 3 consequently show a 
reduction of 13 and 7 per cent, respectively, which is as it should be when 
major operative cases are excluded. However, there is a corresponding 
decrease in the number of recoveries to the extent of 10 per cent and 7 
per cent for the same two groups, since those who recovered chiefly as a 
result of the thoracoplasty are likewise not included in this table. 

Of the 10 improved cases, 2 had thoracoplasty, 3 are arrested but are 
classified as only improved because of the persistence of the anatomical 
lesion on the roentgenogram, and 5 are clinically well but have bacil- 
larysputum. The one patient who is worse 6 months after the operation 
shows a marked increase in cavitation. 


Group 3: The i1 patients in this group all had extensive cavitation in 
more than one lobe, the contralateral lung appearing seemingly normal. 
Of the 2 recoveries, one was supplemented by thoracoplasty. The pa- 
tient who recovered from phrenic evulsion alone illustrates the wisdom 
of waiting for a reasonable length of time in certain cases before resorting 
to thoracoplasty. Of the 6 improved cases, 5 showed ground-glass opaci- 
ties involving the entire lung field; there was, therefore, considerable 
doubt as to whether any beneficial results could be obtained. The 
marked change from complete invalidism to relative well-being was a 
happy surprise despite the slight ascent of the diaphragm or none at all. 
Patients with such types of lesion should not be denied phrenicectomy on 
the assumption that it will prove of no value. The operation in such 
cases is not more difficult of performance than in those who have limited 
lesions, and the exairesis is often as complete, notwithstanding the ex- 
tensive pleural adhesions. Curiously enough, the one stationary case 
had likewise a complete homolateral opacity. Of the 2 deaths, one was 
due to cardiac failure 2 months after thoracoplasty, and the other died 
from a terminal haemoptysis 5 months after the phrenicectomy. Post- 
mortem examination showed that the bleeding came from the cavity 
which seemed little affected by the unusually high ascent of the dia- 
phragm, due to a very firm, fibrous wall surrounding it. 


Group 4: Among the 51 patients who had unilateral cavitation with 
varying amounts of contralateral lesion, not one cure was obtained. 
However, 27, or 52.9 per cent, were greatly improved. Of the latter 
number, 4 had thoracoplasties resulting in economic recoveries in three, 
12 acquired a working ability of from 6 to 8 hours daily, and the remain- 
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ing 11 are still under treatment. Of the 6 stationary cases, one had a 
thoracoplasty 6 years ago, but, as the cavitation was not completely 
obliterated, a considerable amount of invalidism is persisting and the 
patient is unwilling to submit to an anterolateral costectomy. The re- 
maining 5 are still under treatment and constitute vexing problems to 
both the clinician and surgeon with respect to further operative pro- 
cedures. Among the 9 patients, or 17.6 per cent, who became worse, 3 
showed increase in cavitation in from 3 to 9 months after the operation 
as the contralateral lesion became more active and progressive, while in 
the remaining 6 the clinical course is more slowly progressive. There is 
no evidence that the phrenicectomy was in any way responsible for the 
rapid or slow progression. Nine, or 17.6 per cent, died. In one pa- 
tient, death occurred 8 days after the operation. Tachycardia and dysp- 
noea became pronounced soon after she was returned from the operating 
room. ‘The possibility that the vagus nerve was mistaken for the phrenic, — 
as reported by Davies (18), was seriously considered, but there was no 
: such possibility as the roentgenoscopy showed evidence of diaphragmatic 
paralysis with, however, a massive pneumonic consolidation of the lower 
. lobe on the affected side. In another patient, a phrenic evulsion was 
done on the left side, where there was extensive cavitation, with marked 
pleural thickening from a previous effusion. The contralateral lung, 
which showed a limited and apparently benign infraclavicular lesion, 
became extensively involved one week after the operation, resulting in 
death 2 weeks later. This is precisely the type of case in which we an- 
ticipated phenomenal improvement to the same extent as in the 5 cases 
with unilateral opacities in group 2. It is doubtful whether the small 
amount of lesion in the better lung was responsible for the difference in 
results. So far, there is no clinical criterion which can enable one to fore- 
tell with any degree of accuracy the outcome of a phrenicectomy, es- 
pecially in bilateral cases, nor is it possible to determine the actual cause 
of such serious complications as reported here. Death in the remaining 
7 patients was from progressive disease or complications in no way re- 
lated to the operation. 


Group 5: It is conceded that patients with bilateral cavitation are not 
suitable for treatment by surgical methods. Our experience with pneu- 
mothorax for the more affected side in those cases has been in the main 
very discouraging, yet, in all the 37 patients in this group pneumothorax 
was attempted and proved unsuccessful either by failing to find a free 
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pleural space or to accomplish the main objective, the compression of 
cavitation; they were, therefore, given later the benefit of phrenicectomy. 
In 1 case, an arrest was effected 4 years after the operation. Of the 13, 
or 35.1 per cent, who improved symptomatically, only 3 can be classed 
as economic recoveries, while the other 10 can be said to have been af- 
forded only a reprieve. The 5 stationary cases and the 7 who became 
worse are still in the institution. The mortality in this group, as could 
be expected, was high, 29.8 per cent, considering that there were no major 
operative procedures. It is obvious that phrenicectomy holds out little 
hope for patients with bilateral cavitation, and the operation seems con- 
traindicated for those who present active constitutional symptoms and 
the physical and roentgenographic findings indicate that the lesions be- 
low the cavitations are predominantly caseous or exudative in character. 


Group 6: Of the 5 patients in this group, 2 remain cured 7 years and 3 
years after the operation respectively. The remaining 3 are greatly im- 
proved and have been doing part-time work for from 6 months to 2 years. 
In one of these patients the sputum continues to be bacillary, although 
the last roentgenogram taken 16 months after the operation fails to show 
any cavitation. From this analysis it would seem that phrenicectomy 
is most ideally indicated in lower-lobe lesions, although a cure cannot al- 
ways be vouchsafed. 


Group 7: Our experience with nontuberculous basal suppurations is 
limited to 4 cases. A cure was obtained in one patient who had a uni- 
lateral lower-lobe postinfluenzal suppuration of 2 years’ duration. He 
gained 50 pounds in weight during the 9 months following the operation, 
with complete disappearance of cough and sputum. Another patient 
with a similar condition developed shortly after the operation an acute 
pneumonic process of the affected lower lobe, from which he recovered 
but died one year later from other causes. Two patients with bron- 
chiectasis of many years’ duration failed to make any noticeable im- 
provement. When the pathological nature of long-standing bronchiec- 
tasis is taken into consideration, it is hardly rational to expect results 
from phrenic exairesis even when only one side seems principally affected. 


Group 8: It has been our practice to classify a pneumothorax as in- 
effective if the cavity or cavities are not completely compressed after 1 
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improved. When string-like adhesions are present or when the cavity 
is surrounded by coarse fibrous tissue, a phrenicectomy often brings 
about sufficient relaxation to effect an arrest of the disease in a limited 
number, and symptomatic improvement, such as relief of pain, dragging 
sensation or increased cough after refills, in over 40 per cent. Such has 
been our experience in 19 cases, 4 of which have apparently fully re- 
covered with full-time working ability and have been observed over a 
period of from 1 to 5 years. Of the 8 improved cases, 6 have been pur- 
suing a normal life for periods of from 6 months to 2 years, and the cavi- 
ties in 5 of these appear closed. The remaining 2 are still in the institu- 
tion. In 6 patients, the procedure failed to accomplish any results, 
and one patient became worse as the cavitation was slowly becoming 
larger. ‘Taking into consideration that in over 63 per cent in this group 
the expectations were fulfilled, a large number of these patients having 
acquired economic independence, it seems logical to conclude that phreni- 
cectomy should always be given a trial before resorting to pneumolysis 
or other major surgical procedures. 


Group 9: Pleural effusion is the bugbear of every pneumothorax pa- 
tient and his physician, because the danger of an innocuous effusion 


becoming converted into an empyema is ever present. Such a complica- 
tion occurred in 6 patients, fortunately without a bronchial fistula. The 
phrenicectomy contributed to a cure of the empyema in 2 cases; there 
was no effect in 2 others and 2 ultimately died from complications fol- 
lowing major operations. 


Group 10: A much graver complication, if not the gravest, is pyopneu- 
mothorax with bronchial fistula. Of the 14 patients, 5 were apparently 
cured, 2 after subsequent thoracoplasty, and 3 from phrenic exairesis 
alone. As it is very difficult, if not impossible, to demonstrate the loca- 
tion of a bronchial fistula, it would seem that phrenicectomy should al- 
ways precede in these cases other surgical procedures, in the hope that the 
bronchial fistula will close from a diaphragmatic paralysis alone. Sund- 
berg (19) recently reported one case of this type in which a cure was ob- 
tained following phrenicectomy. It should be noted that, in the 3 cases 
referred to above, the presence of fistula was demonstrated by injecting 
a dye, such as methylene-blue or gentian-violet, into the pleural cavity 
and its subsequent appearance in the sputum. The closure of the fistula 
was verified by the failure of the dye to appear in the sputum and a grad- 
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ual reéxpansion of the compressed lung. One case with a persistent 
bronchial fistula gained in weight and strength during the 3 months fol- 
lowing phrenicectomy to such an extent that a thoracoplasty for the cure 
of the empyema and an uncollapsed upper-lobe cavity was deemed a 
safe procedure. Eight ribs in 2 stages have so far been resected with 
strikingly little postoperative reaction. The cavitation in one patient 
with an empyema of long standing has so far remained unchanged, and 
2 became worse. Of the 5 deaths, 3 followed other operative procedures 
and 2 progressive toxaemia and amyloidosis. 


TABLE 5 


Effect of phrenicectomy on principal symptoms and general condition 


COUGH SPUTUM GENERAL CONDITION 


EXTENT OF LESION OR 
COMPLICATION 


PATIENTS 


%|S DI%|S|% 


TOTAL NUM- 
BER OF 


Group 1: Unilateral 
without or with 
doubtful cavitation. . 

Group 2: Unilateral 
with upper-lobe cav- 


Group 3: Unilateral 
with cavitation in 
more than one lobe. 18 

Group 4: Bilateral 
without contralat- 
eral cavitation 39 

Group 5: Bilateral 
cavitation, major on 
operated side 30 49 

Group 6: Basal cavi- 

80 20 

Group7: Nontubercu- 
lous basal lesions. . . . 75 25 

Group 8: Pneumotho- 
rax with uncollapsed 
cavities 26 58 32 

Group 9: Pyopneumo- 
thorax without 
bronchial fistula... . 33} 2/33 33} 2/33 17} 2/33} 3/50 

Group 10: Pyopneu- 
mothorax with 
bronchial fistula....{ 14 | 4/29} 2/14] 1) 7/50) 4/29) 2/14) 1) 7| 7/50} 6/43) 1] 7) 7|50 


Key to abbreviations: C = ceased, D = diminished, S = stationary, I = improved, 
W = worse. 
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THE EFFECT OF PHRENICECTOMY UPON COUGH, SPUTUM AND THE GENERAL 
CONDITION 


All patients, including the 37 deaths, are included in this analysis, 
and are classified in their respective groups. Reference to table 5 will 
show that the results were poorest in groups 4 and 5, namely, those who 
had bilateral lesions with or without contralateral cavitation. Yet, even 
in those groups improvement was noted in about 50 per cent. Attention 
must be called to the fact that all of these patients were under conserva- 
tive treatment and observation for varying periods of time before resort- 
ing to phrenicectomy, so that the beneficial effects can with reasonable 
certainty be attributed to the operative procedure. Decrease in cough 
and sputum and ease of expectoration were noted in the majority of cases 
shortly after the operation. Conversely, those whose cough became ag- 
gravated and the sputum increased in amount rarely noted this change 
soon after the operation. These symptoms became accentuated, as a 
rule, gradually and in proportion to the progression of the disease. 


TABLE 6 
Effect of phrenicectomy on haemoptysis in 56 patients 


HAEMOPTYSIS 


EXTENT OF LESION OR COMPLICATION 
PATIENTS %\S 


Group 1: Unilateral without or with 
doubtful cavitation 

Group 2: Unilateral with upper-lobe cavi- 
tation 

Group 3: Unilateral with cavitation in 
more than one lobe 

Group 4: Bilateral without contralateral 
cavitation 

Group 5: Bilateral cavitation, major on 
operated side 

Group 6: Basal cavitation 

Group 7: Nontuberculous basal lesions.. . . 

Group 8: Pneumothorax with uncollapsed 
cavities 


0 
1 
0 
3 
0 


0 
0 0 0 


1 0; O| 2] 67 


Key to abbreviations: C = ceased, I = improved, S = stationary, W = worse. 


EFFECT ON HAEMOPTYSIS 


In 56 patients the operation was resorted to chiefly to control recur- 
ring haemoptyses when pneumothorax could not be induced or was con- 
traindicated. As these patients remained in the institution from 6 
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J % 
3 100; 0; 0; 0; O 
8 50; 0; 12} 38 
6 66; O 34 
23 39 | 5 | 22 13 | 6} 26 
7 28 | 2 | 28 3] 43 
5 0; 0; 
1 |100 
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months to 18 months after the phrenicectomy, the results can be said to 
be correctly evaluated. Table 6 shows that, regardless of the type or 
extent of lesion, phrenic exairesis is a promising procedure but has definite 
limitations. All other therapeutic methods, including pneumothorax, 
should be tried first, and phrenic evulsion should be considered a last- 
resort measure, especially in bilateral cases. 


GASTRIC SYMPTOMS 


Striking digestive disturbances were very rare. The majority of ad- 
vanced cases always have gastric disturbances. It is quite possible that 
those whose symptoms were slightly accentuated after the operation 
did not call the physician’s attention to them, since the disturbance was 
in most instances of short duration. No accurate record was, therefore, 
kept of the incidence of this phenomenon. However, careful inquiry was 
made of 55 patients in the hospital at the time of this study with respect 


% to gastric symptoms and information was obtained as presented in 
i table 7. 

TABLE 7 

i : Digestive disturbances after phrenicectomy: analysis of 55 patients 

HPART | nausea | vomrrinc | anorexta | 
SIDE n n | n n » n n 
19 | 3}16] 0/0 | 3/16] 0/0 | 14] 5.2 
36 316.5 41311) 514i 215.8 215.5 

a From table 7 is evident that from 5 to 16 per cent of patients had defi- 


nite symptoms after operation, notably belching, nausea and vomiting, 
but the proportion, contrary to our expectation, was not strikingly 
greater in left-sided cases. These symptoms, as already noted, rarely 
persisted long enough to constitute a clinical problem. 


IMMEDIATE AND REMOTE UNFAVORABLE RESULTS 


Operative complications, such as haemorrhage into the mediastinum, 
mediastinal tears followed by pneumothorax or suppurative mediastini- 
tis, have not been encountered in any of our patients. Injury to the 
sympathetic nerves, resulting in a temporary Horner’s syndrome, oc- 
curred in one case, in which the phrenic nerve was not identified, necessi- 
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tating a second operation. In only 2 instances did a mild infection occur 
in the wound, both in diabetics, retarding local healing. The operative 
risk, as far as the operation itself is concerned, can be said to be negli- 
gible. However, postoperative deaths, as has been pointed out by Berry 
(20), do occasionally occur. According to this observer, a direct opera- 
tive mortality, based upon a statistical study of 4,697 cases reported in 
the literature from 1925 to 1930, is 0.5 per cent, and a further mortality 
of 1.2 per cent due to complications developing at a later date. In our 
series there has been no direct operative mortality. However, death in 
2 patients, or slightly more than 1 per cent, was attributed to the rapid 
progression of the lesion after the operation and not to the operation it- 
self. One patient almost immediately developed extreme dyspnoea and 
tachycardia, and the second patient succumbed to an acute progression 
of the disease in the contralateral lung. In both cases death occurred 
within 2 to 3 weeks after the operation. Six patients died approximately 
2 months after the operation, 2 from terminal pulmonary haemorrhage, 1 
from an aspiration pneumonia following haemoptysis and 3 from exten- 
sive bilateral disease which seemed to pursue a more active course after 
the operation. With the exception of 1 patient, they were all terminal 
cases, but if the delicate balance was disturbed by this relatively minor 
operative procedure, and death was thereby hastened, then our post- 
operative mortality, that is, death within 1 to 2 months after the opera- 
tion, was 8, or 4.37 per cent. Again, it is plausible to assume that the 
haemoptyses causing three fatalities was a pure coincidence, since all 
the 3 patients had a previous history of haemorrhage. If this reasoning 
permits us not to blame the phrenicectomy for these 3 fatal cases, we 
have only a late postoperative mortality of 5, or 2.7 per cent. One 
patient with a nontuberculous basal suppuration developed on the af- 
fected side a partial atelectasis with an extension of the suppuration. 
He pursued a stormy course but eventually recovered. 

Remote ill effects were generally noted in patients with large upper- 
lobe cavities, frequently occupying an entire lobe and surrounded by firm 
and thick walls. Progressive cavitation was occasionally observed until 
the whole lung seemed excavated. This occurred in 9 patients, 1 of 
whom eventually died from profuse haemoptyses, 2 after thoracoplasty, 
and the remaining 6 are still under observation, gradually becoming 
worse. Another type of case in which were noted late unfavorable re- 
sults was the patient with bilateral fibrocavernous tuberculosis of many 
years’ duration and associated with emphysema. ‘The chief complaint 
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Fic. 1. Case 1. Young woman 22 years old. Note extensive left-sided tuberculosis 
with large upper-lobe cavity. (Photograph retouched.) 

Fic. 2. Case 1. Six years after phrenicectomy, showing complete disappearance of cavity. 
Patient clinically cured. 

Fic. 3. Case 2. Woman 30 years old. Note bilateral upper-lobe lesion with beginning 
apical cavitation on left side. 

Fic. 4. Case 2. Nine months after phrenicectomy. Note marked increase of left upper- 
lobe cavitation with little or no progression of the lesion on the right side. Thoracoplasty 
later instituted with good results. Fortunately, such post-phrenicectomy results are rela- 
tively infrequent. 

Fic. 5. Case 3. Left-sided unsatisfactory pneumothorax of one year’s duration on ac- 
count of adhesions. 

Fic. 6. Case 3. Five months after phrenicectomy, resulting in a splendid compression 
and thinning out of the adhesions. 

Fic. 7. Case, 4. Woman, 38 years old, with pulmonary tuberculosis of 12 years’ duration. 
Excessive cough, 80 cc. of bacillary sputum, progressive loss in weight and subfebrile tempera- 
ture. Note left-sided opacity with extensive underlying cavitation. A gain of 40 pounds in 
weight occurred within six months following phrenicectomy, although no apparent rise of 
diaphragm could be discerned. Five such cases had been observed in our series, one of which 
obtained an apparent arrest of the disease. : 

Fic. 8. Case 5. Young woman, 20 years old, with right-sided pyopneumothorax and 
bronchial fistula of 9 months’ duration. Repeated aspirations proved only of palliative 
value. 

Fic. 9. Case 5. One year after phrenicectomy. Note reéxpansion of right lung. Level 
layer of fluid is only apparent, but not verified by aspiration or roentgenoscopy. Complete 
freedom from symptoms. 
705 
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was gradually increasing dyspnoea, resulting eventually in complete 
invalidism. This phenomenon was especially striking in 4 patients. 
Extension of the disease in the contralateral lung became clinically mani- 
fest shortly after the operation in 12 patients, or 6.4 per cent. This 
figure compares favorably with O’Brien’s (15), who encountered this 
complication in 10.7 per cent of his series. None of these patients was 
considered suitable for thoracoplasty prior to the phrenicectomy. 


SUMMARY 


The clinical results of phrenicectomy performed on 183 patients from 
1924 to September, 1931, are analyzed. The extent of the pulmonary 
involvement or complication in each individual patient for which this 
operation was deemed advisable is indicated by group classification. 

A composite summary of the results obtained in all groups discloses 
that 29, or 15.8 per cent, of the total number acquired an arrest of the 
disease. In this number must be included 17 patients in whom subse- 
quent other measures were employed, leaving only 12, or 6.6 per cent, 
who acquired an arrest of the disease from phrenicectomy alone. 
Seventy-one, or 38.8 per cent, obtained varying degrees of improvement. 
The improvement in 41, or 57.7 per cent, was so satisfactory as to restore 
them to full time working ability for periods ranging from six months 
to five years. Sixteen, or 22.5 per cent, were improved to the extent of 
enabling them to do part-time work, while the remainder are either still 
under observation or sufficiently improved to be ambulant. Twenty- 
six, or 14.2 per cent, remained stationary and obtained no benefit from 
the procedure, while 20, or 10.9 per cent, became worse either through 
progression of the lesion on one or both sides, or through the develop- 
ment of complications. 

Of the 71 patients who improved, the improvement was general and 
symptomatic. The majority gained weight and noted an increase in 
strength and endurance. In 68, or 95.7 per cent, there was marked 
diminution in cough and sputum. The majority of these patients ex- 
perienced greater ease in raising sputum, and were delighted with their 
ability to suppress cough and expectoration during periods when such 
acts might prove embarrassing. 

No immediate operative death occurred. However, 2, or 1.1 per cent, 
died within 1 month after the operation and 6, or 3.3 per cent, died within 
2 months of the operation. The phrenicectomy might possibly have been 
a contributing factor to this mortality, but unequivocal clinical evidence 
is lacking to confirm this assumption. 
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Taking into consideration the advanced type of cases presented here, 3 
the results obtained compare favorably with those noted by other i 
observers. 


CONCLUSIONS 


1. Phrenicectomy is chiefly applicable in the treatment of predomi- 
nantly unilateral lesions with little or no cavitation when pneumothorax is 
impossible and a routine sanatorium regimen is not productive of bene- 
ficial results. 

2. It has a wide field of usefulness in bilateral cases which have a 
limited contralateral lesion without definite cavitation. In from 40 to 
50 per cent the palliative effect, notably decrease in cough, sputum and 
greater ease of expectoration, is quite marked. 

3. It may be an important aid in checking haemoptysis, but sometimes 
the reverse effect is obtained. 

4. It frequently converts an unsatisfactory pneumothorax into an 
effective collapse. 

5. It exerts a favorable influence upon those complications so fre- 
quently resulting from pneumothorax, notably empyema either with or 
without bronchial fistula. 

6. Its usefulness in chronic lesions with bilateral cavitation, associated 
emphysema and general debility, even when there is major disease on 
one side with recent lower-lobe involvement, is extremely limited and 
generally contraindicated. 


Grateful acknowledgment is hereby made to Doctors C. F. Hegner and George Packard, 
visiting surgeons of the Hospital, for their assistance and codperation. 
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Bilateral artificial pneumothorax is applicable to a limited group of 
cases. This group to which we have applied bilateral collapse would 
otherwise have had a more or less hopeless prognosis. Ina group of cases 
in which the prognosis as to recovery is so grave, startling results cannot 
be obtained. Compression therapy in this group of cases is viewed more 
from the standpoint of a forced issue rather than one of election. Some- 
thing has to be done in the way of compression therapy to prevent a 
rapid and fatal termination. We do not expect to obtain a cure or com- 
plete arrest of the disease in a high percentage of cases, but are satisfied to 
obtain improvement with prolongation of life. We are however much 
gratified in that we are able to report complete arrest of the disease- 
process in several instances. Before taking up in detail the discussion of 
the subject as to selection of cases, classifications of cases, difficulties, 
results, etc., we would first discuss cavitation and prognosis in regard to 
the employment and nonemployment of collapse therapy. 


The value of many factors influencing the prognosis in chronic pul- 
monary tuberculosis is well known. Much has been written of such fac- 
tors as age, sex, race, occupation, social environment, intelligence and 
temperament of the patient, his codperation and mental attitude, as well 
as the number and virulence of the tubercle bacilli, character and extent 
of lesions, immunity and allergic reaction. Complete knowledge of these 
factors is essential in estimating prognosis. These factors must always 
be carefully considered before arriving at a conclusion as to the prognosis 
of a given case, although clinical experience teaches us that we cannot, 
from a consideration of these factors alone, determine the prognosis 
with any degree of accuracy. 

1 From Fitzsimons General Hospital, Denver, Colorado. Published by permission of the 
8 General, U. S. Army, who is not responsible for any opinions or conclusions drawn 

erein. 

2 Major, Medical Corps, U. S. Army, Medical Service of the Fitzsimons General Hospital, 
Denver, Colorado. 


3 Captain, Medical Corps, U. S. Army, Medical Service of the Fitzsimons General Hospital, 


Denver, Colorado. 
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Various phthisiologists emphasize certain of the factors mentioned 
above. One author states, “If I had to name the one most important 
factor concerned, I would say first and last, the character of the patient 
whether or not they will get well, depends upon their individual efforts.” 
He gives as the second factor of prognosis “‘the nature of the disease,” 
and as the third most important “‘the directing intelligence by which the 
disease is managed.”’ We believe that the factor listed as third is the 
most important factor in determining prognosis. We would modify the 
statement to read: The most important factor of prognosis in pulmonary 
tuberculosis is the intelligent utilization of a properly selected type of 
collapse therapy. In the vast majority of instances the prognosis in 
pulmonary tuberculosis is the prognosis of cavitation. Since cavitation 
rarely heals spontaneously, and then under a prolonged period of hos- 
pitalization that is prohibitive to the average patient, we wish to state 
that prognosis depends upon the proper selection of a type of collapse 
therapy most suitable for the eradication of the cavitation. 

The fate of patients with cavitation is very well shown by the study of 
Barnes and Barnes (1), who report the fate of 1,454 cavity cases studied, 
in which they found a mortality of 80 per cent within one year, of 90 per 
cent within five years, and an average duration of life of 15.8 months. 
Sprungmann’s (2) study, based on 626 cases of untreated cavitation in 
industrial laborers over a period of 16 years, shows a total mortality of 
78.2 per cent and a death-rate of 61.7 per cent for the first 2 years. Of 
the surviving group 69.1 per cent were totally or partially disabled. 
Barnes and Barnes concluded that the duration of life bore a direct rela- 
tion to the number of cavities. Of 17 cases having more than 3 cavities 
none survived a year and 88 per cent of patients having cavities larger 
than 7 cm. died within a year. The report on 86 laborers made by Neu- 
burger (3), when pneumothorax treatment was used, shows a marked 
contrast in mortality. He states that after one to five years 61.6 per 
cent had regained and retained their working and earning ability, whereas 
only 21.1 per cent were incapacitated and 17.4 per cent had died. 

In a large institution like Fitzsimons Hospital, we have access to a large 
number of clinical records and serial X-ray films and can readily conclude 
that the bearers of pulmonary cavitation will eventually die from causes 
directly or indirectly attributable to cavitation. The potential dangers 
of cavitation are haemorrhage, bronchogenic spread, and certain com- 
plications which may have their origin directly because of the presence of 
the cavitation, or indirectly as the result of toxaemia. Direct complica- 
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tions following cavitation are tuberculous laryngitis, enteritis, haemor- 
rhage, etc. Indirect complications resulting from toxaemia are nephritis, 
myocarditis, amyloidosis, etc. In large cavitations of long duration 
death is often the result of chronic toxic changes in the various viscera. 

We are aware that cavities do heal spontaneously for, as stated by 
Pinner (4), every experienced phthisiologist has observed spontaneous 
closures of cavities. During the past year we have been able to compile 
X-ray films of about 40 cases showing spontaneous closure. In our group 
of spontaneous closures it was found that the type-II cavity of Pinner’s 
classification comprised the instances of spontaneous healing. As 
pointed out by Fischel (5), the round oval cavity is the type character- 
ized by rapid changes, in that it appears, disappears, or may become 
larger or diminish in size in a short time. As to location, the majority 
of our cases showing healing were subclavicular, somewhat toward the 
pulmonic periphery, and more often nearer the dorsal surface of the lung, 
and only a small percentage of this type of cavity healed spontaneously. 
Our study has convinced us that we are unable to prognosticate with any 
degree of accuracy whether or not a particular cavity will heal without 
collapse therapy. In some instances it seems that cavities are compatible 
with long periods of life. In large thick-walled cavities of the upper lobe 
where the draining bronchus opens into the most dependent portion keep- 
ing the cavity well drained, there may be few symptoms aside from expec- 
toration of large quantities of sputum. ‘These long-existing third-stage 
cavities are often present without active parenchymal lesions which have 
long since healed. The wall of the cavity may become epithelialized 
and relatively cleansed, and form a surprisingly small amount of sputum 
for the size of the cavitation. 

The study of a large number of cases of cavity leads us to but one con- 
clusion; namely, that cavitation of large size or multiple in character, re- 
gardless of type, and regardless of the allergic phase in which the cavi- 
ties form, will produce death if untreated by collapse therapy. This 
death may be early and dramatic from a large haemorrhage, or it may 
be slow and insidious from long-continued toxaemia. A cavity, 2 x 3 
cm. in size or larger, should be collapsed regardless of its type or location; 
the form of collapse therapy to be used will depend upon the parenchymal 
lesions in the lung bearing the cavity and upon the lesions of the con- 
tralateral lung. Cavities smaller than 2 cm. should be collapsed when 
the disease is largely unilateral. Unilateral involvement in the young 
adult should be treated by collapse therapy even when there is no cavi- 
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tation, and in the above last-named instance it should be carried out 
early. Clinical observation, especially in the younger adult, generally 
means unnecessary delay, economic loss, spread of the disease, and, dur- 
ing this period of observation, subjects the patient to the potential dan- 
gers of cavitation. We have observed perifocal reactions in the walls of 
round or ovoid cavities to disappear and the cavity become greatly re- 
duced in size only to reopen in a very short time. Closing or even closed 
cavities may rapidly reopen to their original size or even larger when there 
is a bronchogenic spread or some other factor to disturb immunity and 
allergy. Another reason against delay, if pneumothorax is the collapse 
therapy of choice, is the formation of pleural adhesions. The pleural 
surfaces are usually involved and this involvement only too frequently 
results in adhesions, with partial or complete obliteration of the pleural 
space. As a general rule the longer the duration of the disease the more 
extensive are the pleural adhesions. Delay in an effort to allow spon- 
taneous closure of a cavity may result in an unsatisfactory partial pneu- 
mothorax with a cavity remaining patent, thus requiring a far more 
radical type of collapse therapy preventable by the earlier employment 
of a less radical procedure. 

Fitzsimons Hospital receives cases of pulmonary tuberculosis ranging 
from the incipient form to the terminal stages of the disease. Because of 
the extent of the pulmonary involvement many of our cases preclude the 
utilization of collapse therapy, while the other cases with bilateral in- 
volvement of an extensive nature may make sufficient unilateral recov- 
ery to allow collapse or partial collapse of the more-involved lung. This 
improvement is often aided by some less radical type of collapse therapy, 
such as phrenic exairesis, on the greater-involved side. We use the vari- 
ous types of collapse therapy, such as phrenic exairesis, unilateral pneu- 
mothorax, bilateral pneumothorax, cauterization of adhesions, the Jaco- 
baeus method, oleothorax, extrapleural pneumolysis, thoracoplasty; and, 
when a patent cavity persists after surgical collapse has been applied in 
its most radical form, we resort to unroofing of the cavity. The object 
of collapse therapy is, as a rule, to close cavitation and one should not 
stop until this has been accomplished. This in certain instances requires 
rather radical and often multiple procedures, but the dangers of cavita- 
tion warrant its use. We rather agree with Head and Schlack (6), who, 
in speaking of collapse therapy, state, ““‘We do not see how we can escape 
the conclusion that this remedy should be applied as completely and 
effectively as possible, regardless of the fact that the patient might get 
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well without it, with the sole restriction that the risk and disability inci- 
dent to the treatment be not greater than that incident to the disease.” 

Within the last few years we have found that far more radical proce- 
dures may be utilized than were once thought possible. Some of the pro- 
cedures once considered prohibitive we now consider as more or less 
radical procedures, but certainly not prohibitive. Among such proce- 
dures we list thoracoplasty with selective pneumothorax applied to the 
contralateral lung, thoracoplasty with phrenic exairesis on the opposite 
side, unilateral pneumothorax with phrenic exairesis on the contralateral 
side and bilateral pneumothorax. In many cases with bilateral involve- 
ment once considered unsuitable for collapse therapy we now use various 
combinations of collapse therapy, and find that life is prolonged and, in 
some cases, arrest of the disease-process is obtained. 

In discussing collapse therapy in bilateral involvement we will limit 
our discussion to bilateral artificial-pneumothorax therapy. At one time 
artificial pneumothorax was applied as nearly as possible to unilateral 
tuberculosis. During the evolution of pneumothorax therapy it was 
found that it could be applied with manifest tuberculosis in the contra- 
laterallung. As stated by Bronfin (7), ““Experience has since shown that 
proliferative and even fibro-caseous processes in the so-called better lung, 
when not too extensive, improve after a satisfactory collapse of the more 
involved lung has been obtained.”” We have found in our series of cases 
that, even when there are rather extensive fibrocaseous lesions, as well 
as cavitation in the contralateral lung, they may be controlled by a sub- 
sequent artificial pneumothorax, carrying on the two pneumothoraces 
simultaneously. While the evolution of pneumothorax therapy has re- 
sulted in the development of bilateral pneumothorax, yet with the use of 
the selective type of compression it is made a far less radical procedure. 
Collapse should be sufficient to accomplish the aim of the therapy, as a 
moderate reduction of pulmonary mobility is often all that is necessary. 
Less radical compression therefore permits bilateral pneumothorax 
therapy. 

Peters (8), in discussing compression therapy, states, “If the contra- 
lateral lung becomes active treatment can be stopped if pneumothorax is 
used. This is not true of radical surgery. A thoracoplasty once done is 
done forever and activation of the opposite lung spells disaster.”” Should 
this activation of the contralateral lung occur early in the pneumothorax 
therapy it would probably be disastrous to discontinue collapse treat- 
ment. We have found it more advisable to decrease somewhat the fre- 
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quency and amount of gas refills, allowing the lesser-involved portion of 
the lung to reéxpand and then induce pneumothorax on the contralateral 
side. Activation in the opposite lung in thoracoplasty or pneumothorax 
cases does not spell disaster but is certainly a serious complication. Le- 
sions, apparently quiescent at the time of inducing the pneumothorax or 
performing the thoracoplasty, often show activation, as evidenced by 
clinical symptoms and signs, and by perifocal reaction roentgenographi- 
cally. This reaction is often only temporary, and is frequently only a 
reaction about former quiescent lesions resulting from a change of the 
allergic state because of autogenous tuberculinization following compres- 
sion of massively involved lung parenchyma. As stated in a prior paper 
(9) this reaction is often beneficial in aiding the healing of lesions as well 
as Cavitations in the contralateral lung. 

The lesions in the opposite lung are always a potential danger in unilat- 
eral-pneumothorax therapy. In instances in which contralateral lung 
lesions are apparently of no grave significance certain factors of collapse 
therapy may bring about sufficient pathological progression to be of 
grave consequence. Briefly, these factors influencing progression of con- 
tralateral lung lesions are increased function of the uncollapsed lung, 
excessive reactions about lesions set up by excessive tuberculinization 
following the rapid compression of an extensively involved lung, and the 
unforseen factor of bronchogenic spread from cavitation of the involved 
lung. The complication of involvement in the better lung has been ex- 
perienced so frequently that a well-warranted statement or warning ex- 
ists throughout the literature on collapse therapy. The warning usually 
reads: In tuberculosis one should always remember that we are dealing 
with a generalized disease process. Treatment administered should not 
be directed entirely toward the local manifestation of the disease, for 
tuberculosis with pulmonary manifestations is a bilateral disease. In 
cases of apparent unilateral involvement there are lesions in the contra- 
lateral lung which may be minimal in extent and considered of no clinical 
importance at the time of induction of collapse in the greater-involved 
lung. 

As stated by Bronfin, ‘“The more radical the type of collapse therapy, 
the more limited is its applicability. In other words, the more exten- 
sive the collapse on one lung, the more strain on the contralateral lung.”’ 
In a survey of cases the clinician is able to choose a certain group suit- 
able for a particular type of collapse therapy. In any classification of 
cases for collapse therapy all cases will not be of a clear-cut nature, there 
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being many border-line and intermediate cases. For a working basis 
cases may be divided into four groups: (1) a certain number of cases will 
present lesions whose character and distribution are such as to be more or 
less ideal for unilateral pneumothorax; (2) another group with more con- 
tralateral lung involvement is chosen for unilateral pneumothorax with 
the idea of having to resort to alternating unilateral pneumothorax at a 
later date; in such cases it is estimated that pneumothorax may be in- 
duced and maintained on the greater-involved side sufficiently long to 
bring about arrest of the pathological process prior to allowing expansion 
with subsequent induction of pneumothorax on the opposite side; (3) 
the third group consists of cases which require surgical collapse, and to 
this group thoracoplasty with all of its modifications is applied; this 
group necessarily contains many cases once selected for groups 1 or 2, 
but later requiring reclassification because of unsatisfactory results or 
complications following induced pneumothorax; and (4) a group con- 
sisting of patients who require minimal aid in the form of diaphragmatic 
paralysis produced by phrenic exairesis, a group, as in the cases of groups 
1 and 2, that may require reclassification at a later date because more 
radical collapse therapy may be indicated. 

There is another group of cases not included in the above classification, 
which consists of cases with bilateral involvement to the degree of pre- 
cluding unilateral collapse therapy, except that a phrenic exairesis may be 
performed without harm. To this group of cases we believe there are 
instances in which bilateral pneumothorax, carried on simultaneously, 
has an applicability. Its use is necessarily limited, but in a group of 
cases, in which the prognosis is otherwise so grave, radical procedures are 
indicated. As a working basis we have again attempted to divide our 
cases into groups. Of cases selected for bilaterally induced pneumo- 
thorax we recognize three groups: 


1: Cases showing bilateral involvement sufficiently extensive tc preclude uni- 
lateral collapse therapy; these cases may or may not have bilateral cavitation. 
2: Cases presenting bilateral cavitation of more or less equal extent in the 
two lungs. These cases are usually of longer duration than cases of group 1, 
and may present fibrosis of parenchymal lesions. In this group collapse ther- 
apy is indicated solely for the compression of cavitation. 

3: A group consisting of cases that present an extensive bronchogenic spread or 
an activation of lesions in the contralateral lung after the institution of unilat- 
eral pneumothorax upon a more or less massively involved lung. 
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Cases of group 1, which consists of bilateral involvement so extensive 
as to preclude unilateral collapse, have a very grave prognosis if untreated 
by collapse therapy. This type of case usually has been treated by rou- 
tine measures and collapse therapy has been avoided. Under ordinary 
rest-routine these cases often show periods of improvement, only to be 
followed by a period of clinical retrogression. Asa rule, sooner or later, 
marked retrogression is inevitable, as the infection is often so overwhelm- 
ing that the patient’s allergic state and immunity are depressed to an un- 
favorable degree. After a time the course of the disease is definitely 
downward. ‘There are repeated reinfections of a bronchogenic nature, 
due to a relative decrease of immunity, which finally wanes to a hopeless 
state and allows a widespread distribution of lesions which become pneu- 
monic in character during the terminal stages. In a group of cases pre- 
senting a prognosis so unfavorable in character we are justified in utiliz- 
ing any procedure which definitely prolongs life or causes a relief from 
aggravating symptoms. We have found that bilateral pneumothorax, 
when instituted in such cases, not only does this, but will in a certain 
percentage of cases cause an arrest of the disease. In all of our cases, 
except two, bilateral pneumothorax has resulted in reduction of the tem- 
perature, lessening of sputum, improvement of appetite, and improve- 
ment in the patient’s general condition. 


Group 2 consists of cases with bilateral cavitation of more or less equal 
extent in the two lungs. As plainly shown by the report of numerous 
phthisiologists, prognosis is very grave in cavitation cases. Knowing the 
approximate expectancy of life in these cases it seems that an attempt at 
cavity eradication is demanded. Upon the basis of prognosis we advo- 
cate and evaluate bilateral pneumothorax in these cases. Group-2 
cases are, as far as pulmonary disease is concerned, of longer duration 
than cases of group 1. Often all parenchymal lesions have become well 
fibrosed, but during the course of the disease confluent areas of nodose 
lesions have become destructive in character and result in cavities which 
have failed to close spontaneously. As is well known, these areas of 
moderate-sized cavitation do not tend to heal spontaneously during the 
third allergic phase of the disease. These cases present either rather 
large cavitation in both lungs or smaller multiple cavitation bilaterally. 
Should cavitation be minimal in extent on one side we do not include such 
cases in group 2. When cavitation is minimal in one lung, artificial pneu- 
mothorax induced on the more involved side may produce spontaneous 
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closure of the cavitation in the contralateral lung. Following compres- 
sion of large or multiple cavitation, along with a few remaining paren- 
chymal lesions, there is a beneficial action upon allergy and immunity 
that is conducive to a spontaneous closure of cavities in the opposite lung. 
In these cases we advocate unilateral collapse only, followed by a suff- 
cient period of observation to definitely exclude the possibility of spon- 
taneous healing in the better lung before bilateral collapse isemployed. 
In older cases in which parenchymal lesions have healed, symptoms may 
be mild and the patient consider himself clinically well. The only evi- 
dence of activity at this time may be the reaction in the cavity-wall. 
Since the degree of toxaemia depends somewhat upon cavity drainage, 
toxic symptoms may be mild when the cavity is drained by a bronchus in 
its most dependent portion, especially while the patient is awake, or up 
and about. As above stated, these patients may feel comparatively well 
and often do not realize the need of collapse therapy. We, as their at- 
tending physicians, may know full well the attendant dangers of cavita- 
tion, and therefore advise their eradication, but we often experience diffi- 
culty in making the patient understand and appreciate our viewpoint. 

The great difficulty encountered in the use of pneumothorax in group- 
2 cases is the presence of pleural adhesions as these cases are usually of 
long standing. Of course the same difficulty is experienced only too 
often in group-1 cases, but, in general, the longer the duration of the dis- 
ease the more apt are we to find numerous firm fibrous pleural adhesions. 
Another difficulty in compression of cavitation of long duration is that 
the cavity’s walls are thick and fibrotic, and moderate compression will 
not cause approximation. In unilateral pneumothorax increase of pres- 
sure may be used to an extent prohibited in bilateral collapse. Another 
unforseen complication of bilateral collapse in any group of cases is the 
inability to gain the pleural space on one side because of its obliteration 
from previous attacks of pleurisy. In such instances unilateral collapse 
is carried on as long as possible, as adjudged by the condition of the con- 
tralateral lung. In group-2 cases it may be possible to continue unilat- 
eral collapse until the cavity has healed without much change in the 
cavitation of the opposite lung. If this can be done the lung is then al- 
lowed to reéxpand, and surgical collapse is instituted on the untreated 
side. In cases in which pleural adhesions are numerous and the cavity 
remains patent on one side bilateral pneumothorax is continued and here 
again surgical collapse can be used later when the cavitation is closed on 
one side. In suitable cases adhesions may be severed by cauterization 
(Jacobaeus method). 
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Group 3 consists of cases developing a rather extensive bronchogenic 
spread or activation of lesions in the contralateral lung after the induction 
of unilateral artificial pneumothorax. Should a sufficiently extensive 
spread occur in the other lung within a few weeks or months after collapse 
of the more-involved lung, either reéxpansion of this lung or routine treat- 
ment of the other lung would mean disaster. It has been stated that the 
great advantage of pneumothorax over more radical surgical collapse is 
that, in the event of contralateral spread, pneumothorax can be discon- 
tinued. We advocate reéxpansion of the lesser-involved portion, pro- 
ducing a selective type of compression, and the contralateral lung can 
then be compressed by pneumothorax. In no other type of case does 
collapse therapy so miraculously prevent a rapid and fatal termination. 
Should activation occur in the uncollapsed lung long after the induction 
of unilateral collapse, compression can be discontinued and pneumothorax 
induced on the other side. Even in these cases it is best to gain the pleu- 
ral spaces and induce some compression of the more recently involved 
lung prior to complete reéxpansion of the other lung. In this event 
should cavities in the reéxpanding lung become patent they can again be 
compressed. The course to pursue depends somewhat on the precom- 
pression type of pathological process, and the size and location of the 
cavitation, as well as the duration and extent of compression. In gen- 
eral, it is safe to carry the case along with bilateral pneumothorax until 
we are sure all lesions have become arrested. 

In group-3 cases usually a small pneumothorax space is all that is 
required to cause the newly. formed lesions to become quiescent. The 
newly formed lesions of a bronchogenic character usually present con- 
siderable perifocal reaction and may soon become destructive in character. 
Due to the marked reaction about lesions which are situated subpleurally 
adhesions are apt to form and for this reason compression therapy should 
be instituted immediately. An early use of compression therapy also 
prevents the newly formed confluent lesions from becoming destructive 
in character to form cavities. 

In other cases considered relatively safe for unilateral collapse, le- 
sions of the better lung may become progressive and require the conver- 
sion of the unilateral collapse into one of bilateral pneumothorax. Occa- 
sionally in bilateral involvement in which only unilateral pneumothorax 
is used, the progression of contralateral lung lesions may result in haemor- 
rhage and require the institution of bilateral collapse as an emergency 
procedure. 
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In all cases of bilateral pneumothorax a selective type of collapse is 
established. When satisfactory collapse of the diseased portion of the 
lung is established, the lesser-involved lower lobe is permitted to partially 
reéxpand. Small frequent refills can then be given and the necessary 
collapse maintained. In this we are often aided by adherence of the 
base of the lung to the diaphragm, in which event a rapid selective type of 
collapse can be obtained. The most satisfactory cases from the stand- 
point of respiratory embarrassment seem to be of this type. The pneu- 
mothorax is established on one side before air is given on the opposite 
side, as we do not consider it best to induce the pneumothoraces simul- 
taneously. Refills are then given alternately; however, it occasionally 
becomes necessary to refill simultaneously and we have found that this 
can be done without much discomfort to the patient. 

Kinsella and Matill (10) reported 28 cases of bilateral pneumothorax. 
At the time of their report ‘‘nine were dead, 7 confined to bed, 3 ambula- 
tory about the ward and 1 returned to work;” pneumothorax had to be 
discontinued on one or both sides in 7 cases and one had a thoracoplasty. 
Kerzmann (11) reported 19 cases, several of which showed marked clinical 
improvement. He stated that the measure is justified only when all 
other measures have failed. Bronfin in reviewing these results states, 
“Tt leaves one in doubt as to the efficacy of this treatment. It would be 
premature to predict the future evolution of bilateral pneumothorax, 
but it is safe to assert that its applicability will probably always be 
limited.” As we have stated, the results cannot possibly be startling 
because of the type of patients upon whom we are forced to use this 
procedure. On this class of patients the mortality is necessarily high 
in any event, but it is certainly lessened by bilateral collapse therapy. 
It is often difficult to picture to the reader the true condition of a par- 
ticular type of patient upon whom he utilized a certain procedure. If 
the cases of Kinsella and Matill correspond to the type of cases upon 
which we have used the procedure, then we would say that the procedure 
was justifiable and that the results obtained are certainly better than 
would have been obtained without bilateral pneumothorax. 

Our report, as shown in table 1, consists of 25 cases of bilateral pneumo- 
thorax. In addition, a brief case-report is given of cases from each group 
and also a report of the case of H. F. This case is also reported because 
of the highly satisfactory result obtained. 

This report is made upon a relatively small number of cases, yet re- 
sults have been sufficiently satisfactory to warrant it, and since reports 
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Tabulated case reports 


MARVIN 


CASE AGE 
LP. 
A. M| 21 
J.F. | 32 
T. P. | 37 
M. T.| 25 
W. 40 
L. P. | 36 
0. T. | 39 
j.L. 128 
F. D. | 36 
T. H.| 33 
C. H.| 23 
C. M| 32 
A. 0. | 25 
A.J. | 27 
C. 23 


SEX 


M. 


M. 


M. 


DURATION OF 
ILLNESS 


DATE OF INDUCED 


RESULTS OF 


months 


15 


21 


11 


years 


PNEUMOTHORAX COLLAPSE 

¢ 

A 
3/20/31} 3/13/31] S | S+ 
9/25/31| 4/ 3/31; S |S 
7/17/31| 7/ 3/31; S—| S 
4/28/31] 4/21/31] S | S— 
8/21/31|11/17/31) S |S 
11/27/31] 9/30/31} S |S 
7/22/24| 7/ 7/31; S—| S 
9/25/30}10/22/31| S—| S 
9/29/31} 6/20/30} S |S 
9/29/31] 4/ 3/27; S | S— 
2/27/31| 6/ 5/31] S | S— 
6/13/31] 8/ 1/28} S |S 
11/24/31] 9/29/31; S | S— 
10/ 5/30} 8/21/31} S—| S 
2/18/30} 2/13/31) S |S 
3/ 6/31|12/ 1/31} S—| S 
3/ 6/31|12/ 1/31 


GROUP 


II 


EXAMINATION OF RESULTS 


Excellent; considered ter- 
minal; semiambulant 
after 9 months 

Haemorrhage and aspira- 
tion to right lung; pa- 
tient died December, 
1931 

Unsatisfactory; life pro- 
longed; clinical im- 
provement; haemor- 
rhage controlled; pre- 
paring for left thoraco- 
plasty 

Disease arrested; excel- 
lent 

Excellent; all symptoms 
markedly decreased 

Satisfactory 


Satisfactory 

No change clinically; X- 
ray shows improve- 
ment; unsatisfactory 


Very satisfactory 


General improvement; 
unsatisfactory 

Satisfactory 

Excellent 

Improvement; result un- 
satisfactory 


Satisfactory 
Excellent 
Satisfactory 


Unsatisfactory 
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| 
M. I 
M.| 
M.| 7 I 
| I 
M. 6 III 
M. 5 Il 
| 
11 III 
9 Ill 
months 
M. 20 |) 
years 
M. 8 III 
M. 10 II 
M. 3 III 
= 3 I 
months 
M. 16 III 
years 
M. 2 III 
‘months 
= 16 II 
years 
J. F. | 37 | M. 8 | 
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TABLE 1—Concluded 


DATE OF INDUCED RESULTS OF 


PNEUMOTHORAX COLLAPSE 
CASE AGE | SEX ae m EXAMINATION OF RESULTS 
8 
s 
years 
K. A.| 28 | M. 2 12/ 1/31} 3/ 6/31} S | S—]} I} Satisfactory 
J. H. | 26|M 43 1/ 5/26) 9/18/28} S |S II | Excellent; cavities healed; 
has been reéxpanded 
for 2 years 
H. B.| 31 | M 2 6/ 5/25} 2/ 6/25}S |S I | Satisfactory 
H. F.| 31 | F 23 6/ 3/30)11/21/29| S |S I| Excellent 
R.L. | 26 | M 3 9/21/28} 8/13/28} S |S II | Overwhelming involve- 
ment; temperature im- 
proved; followed by re- 
trogression and death 
J. O. | 24 | M. 14 10/21/30} 3/ 6/31; S—| III | Unsatisfactory 
H. B.| 22 | M 13 10/ 9/31|12/29/31} S |S II | Excellent 
months 
A. P. | 23 | M. 9 1/ 5/32}12/11/31| S |S I| Clinical improvement; 
unsatisfactory 


of bilateral pneumothorax are relatively few in the American literature 
the report seems advisable. 

The majority of our cases had bilateral pneumothorax induced dur- 
ing the past year and end-results cannot as yet be estimated. To date, 
however, we have concluded that beneficial results already obtained are 
sufficient to warrant the use of this type of compression therapy. We 
have observed, in the more recent cases, clinical improvement with a 
prolongation of life. In the cases in which compression has been of 
longer duration we have observed, in addition to clinical improvement 
with prolongation of life, closures of cavitation, arrest of the disease- 
process, and the employment of surgical collapse that had previously 
been precluded. 


Analysis of Results on the 25 Cases 


As to collapse, 11 cases showed unsatisfactory collapse on one side be- 
cause of pulmonary adhesions. These cases are listed as unsatisfactory 
because cavitation was not completely obliterated, but only reduced in 
size. Most of these cases, however, showed satisfactory clinical im- 
provement. One case showed unsatisfactory collapse bilaterally because 
of adhesions. Thirteen cases showed satisfactory collapse of both lungs. 
Eight cases are in group 1, 7 cases in group 2, and 10 cases of group 3. 
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Clinical results of the procedure are estimated by consideration of 
clinical symptoms, general condition and X-ray findings. Two cases 
showed only temporary improvement soon to be followed by clinical 
retrogression and death within a few months. Eight cases showed ex- 
cellent results, 8 results entirely satisfactory, and 7 cases were unsatis- 
factory. 

SUMMARY 


Bilateral-pneumothorax therapy is applicable to a limited group of 
cases of pulmonary tuberculosis, cases which otherwise present a rather 
hopeless prognosis as to recovery and slight chance of improvement. 

The development of cavitation makes the prognosis much less favor- 
able, presenting the astounding mortality of 80 per cent within one year 
when untreated by collapse therapy. After cavitation has developed 
the instances of spontaneous closure are so few that one may state that 
the prognosis depends entirely upon the proper selection of a type or 
types of compression therapy directed toward their eradication. 

The groups to which we have applied bilateral-pneumothorax ther- 
apy are advanced cases and many are of rather long duration. Ad- 
vanced cases, especially when complicated by cavitation, warrant the 
employment of multiple and radical procedures of collapse therapy. 
Results in cases of this character cannot be startling as to immediate 
effects or as to final results. We must be satisfied with clinical improve- 
ment and prolongation of life, and gratified that arrest of the disease is 
obtained in an occasional case. 

As the result of our limited study we have concluded that (1) advanced 
bilateral pulmonary tuberculosis may be arrested by bilateral pneumo- 
thorax, (2) bilateral cavitation eradicated, (3) rapid fatal termination 
from bronchogenic spread to the contralateral lung prevented by early 
selective type of compression applied to the more recently involved lung, 
and (4) it makes possible the utilization of surgical collapse once pre- 
cluded because of extensive bilateral disease. 
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Specimen Case Reports 


On Group-1 Patient 


J. F. L.: Adult, white, male, age 32 years. Family History: Negative for tuberculosis. 
Previous Personal History: Measles, mumps and varicella during childhood. Present Illness: 
Gradual onset of present illness during April, 1931, with productive cough, loss of weight, 
chest pains, night-sweats and abnormal temperature. Symptoms gradually progressed, and 
patient consulted physician in June, 1931, and was told he had pulmonary tuberculosis with 
cavitation. Patient then consulted U. S. Veterans Bureau. Sent to Fitzsimons Hospital, 
June 18, 1931. Upon admission left lung showed massive nodose involvement, especially in 
upper lobe, where lesions were largely confluent; also large subclavicular cavity, 4 x 5 cm. 
Right lung showed midlung bronchogenic extension, with small multiple cavitation at 3rd- 
rib level. Artificial pneumothorax induced on left, July 3, 1931, when satisfactory collapse 
readily established except for band-like adhesions, which resulted in cavity remaining patent. 
X-ray immediately following induction of left pneumothorax showed unfavorable activation 
of contralateral lung lesions. Pneumothorax then induced on right, July 17, 1931, with 
minimal satisfactory collapse (figures 1 & 2). Patient had had repeated haemorrhages from 
cavity in left lung, but controlled by pneumothorax. 


This case is presented because of its extremely grave prognosis upon admission. 


Artificial pneumothorax changed its outlook, and life has been prolonged to 
date. It is a case in which bilateral pneumothorax will not produce an arrest 
of the disease-process because pleural adhesions have interfered with collapse 
of the cavity in the left lung. Lesions in the right lung will, however, heal, 
and the lung can then be allowed to reéxpand. After reéxpansion of the right 
lung an upper-stage thoracoplasty can be done on the left and the disease proc- 


ess be thus arrested. 
On Group-2 Patient 


G. H.: Adult, white, male, age 26 years. Family History: Mother died of pneumonia at 
35 years; and father of cardiac disease at 43. No family history of tuberculosis. Previous 
Personal History: Chicken-pox, smallpox, measles and whooping-cough in childhood. Operated 
upon for fistula several times in 1923. Present Illness: During the latter part of 1925 patient 
below par physically, but symptoms, such as cough, chest pains, fever, general weakness, etc., 
were mild. Pulmonary tuberculosis diagnosed in November, 1925, and patient admitted by 
transfer to Fitzsimons Hospital, December, 1925. Progress of disease satisfactory as re- 
gards parenchymal nodose lesions. Confluent clavicular lesions resulted in cavitation bi- 
laterally. Cavity on right, behind clavicle, measured 4x4cm. Cavity on left, just above 
clavicle, measured 1.5 x 1.5 cm. In 1926 parenchymal lesions were essentially fibrous, but 
satisfactory pneumothorax induced January 5, 1926, for closure of cavity, which was com- 
pletely compressed (figures 3 & 4). The smaller cavity in left lung failed to heal and pneumo- 
thorax was induced on left, September 18, 1928, using just sufficient compression to close 
cavity. Both pneumothoraces were of selective and carried on simultaneously. Pneumo- 
thorax discontinued on both sides in 1929 and, before reéxpansion, both cavities remained 
healed. X-ray made in 1930 showed arrested tuberculosis (figure 5). 
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On Group-3 Patient 


M. R. T.: Adult, white, male, age 25 years. Family History: Negative for tuberculosis. 
Previous Personal History: Measles, mumps, pertussis, and varicella during childhood; in- 
fluenza, January, 1931; tonsillectomy, 1921; fracture of left foot, 1928. Present Illness: Onset 
of present illness followed influenza in January, 1931. Did not convalesce from influenza, 


but remained chronically ill because of cough, loss of weight, failure of appetite, chest pains 
and easy fatigability. Had acute pleurisy, spring of 1931, and attack, June, 1931, which 
required hospitalization, when diagnosis of pulmonary tuberculosis was made. Remained 
in hospital until transfer to Fitzsimons Hospital, August 13, 1931. Upon admission had a 
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3-cm. subclavicular cavity in right upper, with parenchymal fibrocaseous nodose lesions 
throughout upper lobe. Left, few discrete lesions in midlung area. Pneumothorax induced 
on right, August 21, 1931, with excellent more or less selective collapse obtained, resulting in 
early clinical improvement. Cavity completely collapsed. In November moderate bron- 
chogenic spread to midlung area of discrete lesions previously in left lung. At the time there 
was Clinical retrogression. Emergency X-ray revealed spread and pneumothorax induced on 
contralateral lung immediately, November 17, 1931. Figure 6 shows case after induction of 
pneumothorax on right, and figure 7 after induction of pneumothorax on the left. 


This case is of short duration as far as bilateral collapse is concerned, but is 
presented because of the ideal type of the collapse and also because the clinical 
result has been entirely satisfacory, in that all symptoms havé subsided. The 
case is now ambulatory on the ward. 


Case Report 


H. F.: Adult, white, female, age 31 years. Family History: Negative for tuberculosis. 
Previous Personal History: Unimportant. Present Illness: In October, 1928, began to have 
hoarseness and cough, which subsided, but developed again in April, 1929. Began to ex- 
pectorate considerable mucus, and have indigestion and constipation, as well as poor appetite. 
Had frequent dull aches in epigastrium and left chest. Lost some weight and was generally 
weaker and was admitted to this hospital on October 24, 1929. At that time ran a consist- 
ently normal temperature, but pulse averaged well over 100. Jn right lung, minimal caseo- 
fibrous involvement throughout, worse in apex and showing some perifocal reaction. In left 
lung the tuberculous process much more marked, with 1 x 2-cm. cavity in 2nd interspace, 
multiple small cavitations above 1st rib, and marked involvement in upper lobe. On Novem- 
ber 21, 1929, artificial pneumothorax induced on left. Although rather unsatisfactory col- 
lapse was obtained, this apparently kept disease from spreading on left side; but there was 
definite retrogression in right lung, and patient became steadily worse and was considered 
seriously ill. About May 1, 1930, developed pleurisy with effusion on right, ran high tempera- 
ture for a few days, but then began to improve immediately. Improvement very striking; 
appetite improved, morale was better, and change was definite and sudden. Realizing that 
compression of right lung by effusion had caused the marked improvement, artificial pneumo- 
thorax was instituted on right, June 3, 1930, so as to hold collapse as effusion disappeared. 
Steady improvement continued until patient’s condition warranted severing of the adhesions 
which were holding the cavities open on the left side. This done in two stages (Jacobaeus 
method), the first, February 12, 1931, and the second, March 24, 1931. Very satisfactory 
collapse of the left lung followed these operations and the cavities were completely obliterated. 
Since then bilateral pneumothorax has been continued, and patient has improved so markedly 
that she is now at home, suffers no ill effects from the bilateral refills, and feels the best in 
many years. Figure 8 shows case prior to pneumothorax and figure 9 the case under treat- 
ment by bilateral pneumothorax. 


& 


THE RECORDING OF MANOMETRIC PRESSURES IN 
ARTIFICIAL PNEUMOTHORAX! 


H. P. BACON 


The use of the pneumothorax apparatus has become so almost uni- 
versal and the reports of operators so numerous, that any attempt to 
introduce a new standard of measure of intrapleural pressure differing in 
any way from that now in use for so many years is unfortunate, to say 
the least. 

From the very beginning of the use of the apparatus, it has been cus- 
tomary to use the height to which the column of water is made to rise in 
one arm of the manometer as the measure of pressure: for instance, ‘‘plus 
2” means just that and records the “true” pressure and “all” the pres- 
sure necessary to elevate the head of the column in that arm 2 cm. 

Sewall (1), in his classical ‘‘critique”’ states, “It is the general, if not the 
universal habit of clinicians in the United States, who perform the opera- 
tion for artificial pneumothorax, to record their manometric pressures as 
read from one arm of the manometer only. That this, of course, records 
but half the true pressure 

Andrews (2), in reporting pressures states in parenthesis (apparently 
by way of apology), ‘“‘that these pressures are half the true pressures.” 
This is an error, easily reached by conscientiously or unconscientiously 
adopting another standard of measuring pressure, that standard being the 
height of the column of water supported. Instead of following what he 
admits is the usual custom of measuring pressure, by recording the dis- 
tance travelled by the head of the column in one arm of the manometer, 
there is no authority, custom or rule requiring the height of the column 
of water supported, per se, to be the correct measure of pressure. 

As a matter of fact, if the conclusion reached in the above paragraph 
is not true, then McLeod (3) did not report all the intrapleural pressures 
found in his experiments. Every blood-pressure report since the inven- 
tion of the sphygmomanometer has failed to give the true pressure. In 
reading the scale on that instrument, it has really been the distance trav- 
elled from zero by the column of mercury and not the height of the column 


1 From the U. S. Veterans Hospital, Minneapolis, Minnesota. 
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that has been reported. When the column of mercury in the long arm is 
elevated by the pressure, there is a corresponding depression in the level 
ofthe short arm. This depression is in exact ratio to the elevation in the 
long arm as is the square of the diameters of the surfaces of the two 
columns of mercury. The height of the column of mercury is the dis- 
tance between the two levels, exactly as it is in the manometer of the pneu- 
mothorax apparatus, but in the former the error in calculation has been so 
slight as to be ignored and the height of the elevation read as the height 
of the column; thus, while in the sphygmomanometer the two standards 
of measure give nearly identical figures, in the manometer of the pneumo- 
thorax apparatus they differ widely but the true pressure is given with 
either. 

On the other hand, the almost universal use by the profession of the 
distance travelled by the head of the column makes that the “true” 
measure of pressure. If one drives his automobile into Canada, he will 
find it takes an astonishingly fewer number of gallons of gasoline to fill 
his tank. He would hardly be justified in declaring that the automatic 
record on the dealer’s tank was not the true amount of gasoline because 
the dealer used a standard of measure differing from that in use on the 
other side of the international line. 

Long before McLeod (3) had attempted to estimate the variations in 
intrapleural pressure by recording the displacement in the column of 
mercury, the earlier standard of the height of water in one arm of the 
manometer had been adopted and sanctioned by almost universal use as 
the true method of recording intrapleural pressures. Nor did his experi- 
ments show that the standard then in use failed to record all and the true 
pressure in the pleural cavity. 

At the present time, all or nearly all of the commercial instruments in 
daily use are calibrated to record pressures in terms of the movement of 
the column of water in one arm. Neither does it matter whether one is 
more or less scientific, as we are dealing with a de facto condition. To 
adopt a new standard would mean that the enormous number of these 
instruments would need to be recalibrated or that the reading would need 
to be translated into the terms of a standard in use by only a few. It 
does not appear that a new standard would translate any more easily 
than the old into the terms of pressure per square inch,—the usual method 
of recording air-pressures. In fact, neither is a record of pressure but a 
statement of the distance a point or points in a column of water travels 
under certain circumstances and condition of pressure and size of the 
lumen in the containing glass tube. 
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Pressure is weight. Weight cannot be measured in centimetres but 
only in pounds or grams. Relatively, however, it may be recorded by 
whatever the exertion of pressure does; it may displace a measured 
amount of water which may later be weighed; it may support a column 
of mercury or a column of water in a suitable apparatus and the varying 
heights may be used to record varying pressures. The point to which the 
head of the column of mercury or water reaches may be called by any 
name or number. Thus, the calibrations on the manometer may be 
1-2-3 or 2-4-6, or A-B-C or X-Y-Z. The distances may be measured 
as centimetres, inches, or fingers or jumps, just so long as the same point 
on the calibration is indicated. The pressure in all cases will be the same. 

It is the point on the calibrated ruling which indicates the ‘“‘true” and 
“all” the pressure, and not the name or number by which it is called. 


CONCLUSIONS 


1. The attempt to introduce a new standard of measuring intrapleural 
pressure adds nothing either to accuracy or information, but does add 
greatly to confusion. 

2. The earlier and more generally-used standard should be interpreted 
as the “true” and correct record of pressure until some authoritative 


body, such as the American Sanatorium Association, adopts one or the 
other as official. 
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THE PULSE-RATE AND BLOOD-PRESSURE DURING 
ARTIFICIAL-PNEUMOTHORAX INSUFFLATIONS! 


JOHN STEIDL anp FRED H. HEISE 


The cardiovascular response of patients and animals to pneumothorax 
treatments has attracted the attention of many students from the early 
days when this treatment began to be used until the present time. The 
depth of respiration, venous pressure, systolic and diastolic arterial 
pressure and the pulse-rate have been studied. Chief interest has been 
centered on the state of the respiratory and cardiovascular systems be- 
fore the insufflation of air or nitrogen as compared to the state following 
such insufflations. Results have been contradictory. 

Studying the arterial pressure, repeated in 9 patients, Burstein (1) 
noted an average rise in systolic pressure of 12.4 mm. of Hg. within 6 to 
10 minutes after nitrogen insufflations, after which time the pressure re- 
turned to normal. Parisot and Hermann (2) induced pneumothorax in 
rabbits in a rather brusque and sudden manner, and found that the im- 
mediate effect was an increase of respiratory oscillations, but very little 
effect was noted on the arterial pressure; the heart-rate was slower, the 
beat stronger, and the rhythm regular, whether operation was on the 
right or left side. In animals continued on this experiment with posi- 
tive pressure for four months, they noted no alteration of the blood- 
pressure or of the pulse-rate as compared with control animals, nor 
any alteration of the blood-pressure and pulse in animals receiving refills. 
Further, they observed no interesting variation in the blood-pressure 
and pulse-rate of patients submitted to pneumothorax, confirming the 
results of Weil and Sackur, Rist and Carpi, Bernard and Robert, but 
contradicting the opinion of Leuret who thought that the insufflation of 
air into the pleural cavity could lead to considerable lowering of the ar- 
terial tension. Bendove (3) studied 14 cases intensively, and found an 
increase of blood-pressure in 8 cases, ranging from 15 to 40 mm. Hg. sys- 
tolic and 10 to 25 mm. Hg. diastolic, which lasted about an hour after 
insufflation. Four cases showed no change and two had a slight fall in 
blood-pressure after the introduction of gas into the pleural cavity. 


1 From the Trudeau Sanatorium, Trudeau, New York. 
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Tsunoda (4) has interested himself, as have others, with the theoretical 
factors influencing blood-pressure in pneumothorax. He points out that 
interference with diastole of the heart and increased resistance to pulmo- 
nary circulation are important mechanical results of the insufflation of gas 
into the pleural cavity, and believes that these operate to increase the 
venous pressure as the lung is collapsed. 

Vazzoler (5) found that after refills the difference between diastolic 
and systolic pressure was almost constantly decreased by 5 to 15 mm. in 
patients, and that this decrease was largely the result of an increase in 
diastolic pressure. At the same time there occurred an increase of ve- 
nous pressure of 0.5 cm. of water, indicating an obstruction to the venous 
return to the thorax. The pulse was accelerated, the individual pulse- 
wave increased, and the respiratory excursion increased. In the elec- 
trocardiograph the peak of the auricular wave was more pronounced. 
These individual symptoms occurred independent of the side of the pneu- 
mothorax or the quantity of air introduced, which indicated to him that 
he was dealing with a reflex of sympathetic nature from the pleura. 

Bosviel (6) found no modification of the arterial or venous pressure 
in the majority of cases, indicating that the heart supports remarkably 
well unilateral or even bilateral pneumothorax, as a rule. However, he 
did find some cases in which the venous pressure was increased (in which 
Tsunoda and Vazzoler agree), and believes that the determination of the 
venous pressure, even more than the arterial, will detect an unsuspected 
cardiac compression. 

It is significant that in much of this work, especially on experimental 
animals, little attention was given to the cardiovascular response to 
piercing the pleura; chief interest lay in the response to insufflation of air 
ornitrogen. The time intervals before and after the insufflation at which 
the pressures were taken are often not stated. 


METHOD OF OBSERVATION 


Seventy-one patients receiving pneumothorax treatment at Trudeau 
Sanatorium were studied. The patient’s normal arterial blood-pressure 
and pulse-rate having been previously determined, readings were started 
two minutes before the treatment was begun. Readings were then con- 
stantly repeated until the treatment was completed and the patient 
ready to leave the table, from one to three minutes later. The ordinary 
routine of administration was preserved. Special attention was focused 
on the readings before treatment was started, before and after the anaes- 
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thesia needle pierced the pleura, before and after the pneumothorax 
needle had pierced the pleura, after each 100 cc. of air had been adminis- 
tered, after withdrawing the pneumothorax needle from the pleura, and 
on the readings from one to three minutes after the completion of the 
treatment. 


SYSTOLIC BLOOD-PRESSURE 


Taking the group as a whole the average systolic blood-pressure re- 
mained unchanged during the administration of the anaesthetic. (Thirty- 
nine cases remained stationary, in 16 the systolic pressure rose from 2 to 
28 mm. of Hg. and in 16 cases the pressure fell from 2 to 10 mm. of Hg.) 
When the anaesthesia needle entered the pleura, however, there was an 
average drop of 7 mm. (There were 2 cases in which the pressure rose 
6 and 4 mm. respectively, and 7 cases in which there was no change, but 
61 cases showed a drop of from 2 to 20 mm.) Following this drop in 
pressure there was a slight average recovery of systolic pressure toward 
the former level. The average rise was 4 mm. of Hg. (Nineteen cases 
remained stationary, 8 cases showed a fall of from 1 to 20, and 33 cases 
showed a rise from 2 to 20 mm.) 

When the needle for giving air was inserted there was usually another 
drop in systolic pressure; this averaged 7 mm. of Hg. (In 58 cases the 
pressure dropped from 2 to 40 mm. of Hg., in 5 cases it rose from 1 to 8 
mm. and in 8 cases there was no change.) 

There was very little change in the systolic pressure during the actual 
insufflation of the pleural cavity. After 100 cc. of air 30 patients showed 
an average rise of 2mm. of Hg. (Fifteen showed a rise of from 2 to 20 
mm., 4 no change, and 11 a drop of from 2 to8 mm.) After 200 cc. of 
air, 58 patients showed an average rise of 2mm. (Thirty-two showed a 
rise of 2 to 16 mm., 16 no change and 10 a drop of 2to 16mm.) After 
300 cc. of air 41 patients showed essentially no average change in pres- 
sure (drop of 0.2). (Eleven showed a rise of 2 to 18 mm., 15 remained 
stationary, and 15 showed a drop of 2to9mm.) After 400 cc. of air, 49 
patients showed an average rise in pressure of 1.7 mm. (Twenty-one 
showed a rise of 2 to 46 mm., 15 showed no change, and 13 a drop in pres- 
sure of from 2 to 28 mm.) After 500 cc. of air, 23 patients showed no 
essential change in the average systolic blood-pressure of the group (—0.4). 
(Seven showed a rise of from 2 to 10 mm., 8 showed no change, and 8 a 
drop of from 2 to 6 mm.) 

Only 7 patients in the entire group showed changes in the systolic pres- 
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sure of more than 10 during the time that any 100 cc. of air was being 
given, and in general it may be said that, during the time that such 
moderate quantities of air entered the pleural cavity, there was usually 
very little change in the systolic pressure. It will be remembered that 
Aron (7), among others, reported a slight rise in systolic pressure during 
the insufflation of air into the pleural cavities of rabbits, but the amounts 
used were relatively enormous. 

After the desired amount of air had been placed in the pleural cavity, 
pulling out the pneumothorax needle was usually followed by a distinct 
drop in systolic pressure, averaging 5.4 mm. in 69 patients (5 cases 
showed a rise from 2 to 12 mm., 13 showed no change, while 51 showed a 
drop in pressure of from 2 to 24 mm.). In spite of the fact that the en- 
tire group showed an average rise of 5 mm., a few seconds to a minute 
following the drop caused by pulling out the pneumothorax needle, the 
general average of the systolic pressure in 71 cases was 6.5 mm. lower 
after the insufflation was finished than before it was begun (6 cases 
showed a rise of from 2 to 12 mm., 12 cases showed no change, while 53 
showed a drop of from 2 to 30 mm.). 


DIASTOLIC BLOOD-PRESSURE 


There was usually very little variation in the diastolic pressure. Dur- 
ing the injection of the novocaine, before the anaesthesia needle entered 
the pleura, there was an average rise of 2mm in 56 patients. (Twenty- 
nine showed no change, 18 showed a rise of from 2 to 20 mm., and 9 
showed a drop of from 2 to 8 mm.) After the anaesthesia needle had 
entered the pleura there was ordinarily no material change, there being 
only an average drop of 0.9 in 55 patients. (Fifteen showed no change, 
19 a rise of from 2 to 16 mm., and 21 a drop of from 2 to20mm.) Again 
there was practically no change (a drop of 0.1) in 59 patients between the 
time the anaesthesia needle was withdrawn and the pneumothorax needle 
was inserted. (Twenty-nine showed no change, 17 a rise of from 2 to 12 
mm., and 13 a drop of from 2 to 20 mm.) When the pneumothorax 
needle was withdrawn there was an average drop of only 1.6 mm. for 71 
patients. (Twenty-five showed no change, 17 a rise of from 2 to 12 mm. 
and 29 a drop of from 2 to 14 mm.) 

After the administration of 100 cc. of air, 30 patients showed no real 
change (average rise of 0.4 mm.). (Ten showed no change, 11 showed a 
rise of from 2 to 12 mm., and 9 a drop in pressure of from 2 to 8 mm.) 
After 200 cc. of air the average disastolic pressure in 56 cases remained 
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the same as after 100cc. (Sixteen showed no change, 21 a rise of from 2 
to 10 mm., and 19 a drop of from 2 to 16mm.) After 300 cc. of air the 
average diastolic pressure in 42 patients remained the same as after 200 
cc. (Nineteen showed no change, 10 showed a rise of from 2 to 10 mm., 
and 13 showed a drop of from 2 to12mm.) After 400 cc. of air the aver- 
age diastolic pressure in 45 cases was essentially the same (a drop of 0.4 
mm.). (Sixteen cases showed no change, 14 a rise of from 2 to 14 mm., 
and 15 a drop of from 2 to 14mm.) After 500 cc. of air there was an 
average rise in 19 patients of 3mm.ofHg. (Thirteen showed no change, 
6 a rise of from 2 to 18 mm. and in no case was there a drop in pressure.) 
After the treatment was finished the pneumothorax needle was with- 
drawn, and again there was no real change in diastolic pressure (a drop 
of 0.9 mm.) in 71 patients. (Thirty-one showed no change, 16 a rise of 
from 1 to 10 mm., and 24a drop of from 2to22mm.) The diastolic pres- 
sure after treatment was essentially the same as before treatment (a rise 
of 0.7 mm.) in 71 patients. (Twelve showed no change, 35 a rise of from 
2 to 14 mm., and 24a drop of from 2 to12 mm.) The slight amount of 
change in the diastolic pressure throughout the treatment is indicated by 
the fact that in the total of 554 diastolic readings there were only 25 in 
which the magnitude of change exceeded 10 mm. of Hg. 

Thirty-nine patients were studied with reference to more permanent 
changes in their blood-pressures, comparing the readings on admission 
to the sanatorium, before pneumothorax treatments were started, with 
the readings after pneumothorax treatments had been well established. 
It is well known that many factors influence the blood-pressure from 
minute to minute, and that there are many minor variations, so that this 
subject has been a difficult one from which to deduce any very certain 
conclusions. Since the systolic pressure of the group averaged a drop 
of 3.5 mm. of Hg. (no change in 1, a rise of from 1 to 22 mm. of Hg. in 
13, and a drop of from 2 to 28 mm. of Hg. in 25), and the diastolic pres- 
sure averaged a rise of 3.7 mm. of Hg. (no change in 2, a rise of from 2 to 
20 mm. of Hg. in 25 and a drop of from 2 to 28 mm. of Hg. in 12), it is 
quite probable that pneumothorax treatment per se has little or no per- 
manent influence on the blood-pressure. When marked changes do take 
place concurrently, it is difficult to exclude other factors and be sure that 
they are the result of pneumothorax. 


PULSE CHANGES DURING INSUFFLATION 


Simultaneous blood-pressure and pulse studies during insufflation 
showed little codrdination between the pulse and blood-pressure. Marked 
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changes in the blood-pressure occurred with little or no change in the 
pulse. Sometimes an ascending blood-pressure was accompanied with a 
decreasing pulse-rate, and vice versa. In general the changes in the pulse- 
rate were rather slight throughout the insufflations, most frequently 
there being no change at all, and the average pulse-rate not changing 
more than 2.5 beats per minute after any procedure during insufflation. 
(Before insertion of the anaesthesia needle an increase of 0.3; after the 
insertion of the anaesthesia needle a drop of 0.9 beat; before insertion of 
the pneumothorax needle an increase of 0.2 beat; after inserting the pneu- 
mothorax needle a drop of 2.5 beats; during the actual insufflation of air 
a drop of 1.1 beats; after pulling out the pneumothorax needle an in- 
crease of 1.4 beats.) The pulse-reading after the termination of the in- 
sufflation averaged 3 beats lower than before the beginning of the treat- 
ment. Riccioli (8) noted a definite bradycardia, probably of extracardiac 
origin, in 70 per cent of the patients from 30 seconds to one minute after 
puncture of the pleura and in the early phase of pneumothorax treat- 
ment; at the same time the diastolic pressure was raised. Perhaps our 
failure to confirm this is due to temperamental or racial differences in 
the patients. 

The entire group was divided according to the individual sensitive- 
ness to pain. Both hypersensitive and hyposensitive groups showed 
the same general variation of systolic blood-pressure during the insuffla- 
tion (that is, a drop in pressure when a needle is put into or withdrawn 
from the pleural cavity). The hypersensitive group, however, showed a 
definite tendency to recover the loss in pressure caused by the ingress or 
egress of needles. On the other hand, the hyposensitive group showed 
very little of this tendency, there being very little rise in pressure after 
the drops until the conclusion of the treatment when there was an aver- 
age recovery of 11 of the 18 mm. of Hg. of systolic pressure lost by the 
group. Whether or not adrenalin was used in the novocaine made no 
difference in the blood-pressures. In fact, a series of 7 patients, who pre- 
ferred to have their insufflations without any anaesthesia, was included 
in this study, and their blood-pressures followed the same pattern as the 
larger group, nor was the drop in systolic pressure at the ingress or egress 
of the needles any strikingly greater or less than that of the group as 2 
whole. 


COMMENT 


The systolic blood-pressure in 81 per cent of tuberculosis’ patients 
undergoing pneumothorax treatment followed a definite pattern during 
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insufflation of air into the pleural cavity, dropping when a needle was 
inserted into or withdrawn from the pleural cavity. This drop in pres- 
sure varied considerably in different individuals, but in one case of this 
series reached 40 mm. of Hg. The same blood-pressure pattern was ob- 
served when no free pleural space was found. In patients repeatedly 
observed, whose blood-pressure conformed to this pattern, the drop in 
pressure was occasionally only slight, but followed the general pattern; 
in patients repeatedly observed whose blood-pressure did not conform to 
this pattern, it was found that they consistently did not sc conform. 
However, the number of patients submitted to a series of observations 
was not large. It was interesting to observe that in one patient (whose 
pressure followed the usual pattern), when the operator inadvertently 
touched the diaphragm with the point of the needle, as evidenced by pain 
in the neck and shoulder, the pressure rose from 100/74 to 114/76, only 
to fall in a moment to 108/70. 

The pulse-rate ordinarily did not change appreciably; when it did 
change it did not necessarily increase with a rise in blood-pressure nor 
decrease with a drop in blood-pressure. 

The fact that some of these cases experienced a rather large drop of sys- 
tolic pressure as the needle passed into or out of the pleura, suggests that 
there may be a connection between this fact and the mechanism of “‘pleu- 
ral shock.” Fortunately this dramatic complication of pneumothorax 
occurs but rarely; unfortunately, for the same reason it can be made 
the object of clinical research only with excessive difficulty. (One pa- 
tient who was not submitted to these studies, and whose previous blood- 
pressure was 122/80, developed mild pleural shock at the time of her 
initial pneumothorax; in four or five minutes, when the patient was re- 
stored sufficiently by half a dram of aromatic spirits of ammonia to 
justify the division of attention, her blood-pressure was 140/80.) 

It is interesting to note that while there is a slight rise in systolic pres- 
sure during the administration of moderate amounts of air into the pleu- 
ral cavity, as has been previously reported, the changes in pressure when 
a needle is inserted into or withdrawn from the pleura are more impor- 
tant, and the attention of students may well be drawn to the reflex fac- 
tors implied by this fact as well as to the mechanical changes taking 
place in the thorax during pneumothorax. 
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EMPHYSEMA OF THE MEDIASTINUM AS A COMPLI- 
CATION OF ARTIFICIAL PNEUMOTHORAX! 


G. E. EHRENBURG 


Bulging of the mediastinum was discussed in 1910 by Nitsch (1), who 
made a careful anatomical study of the mediastinum. He found directly 
beneath the sternum, from the upper margin of the manubrium sterni to 
the region of the third and fourth ribs, loose connective tissue (the previ- 
ous seat of the thymus). After removal of these tissues the big vessels are 
visualized. Only small remnants of the thymus can be found. In rare 
cases a thin silk-like membrane is seen, which can be recognized as the 
fused pleural sheets. This structure is usually located in the region of 
the second and third costal cartilages. Nitsch calls this the first weak 
spot of the mediastinum. He recognizes a second weak spot as located 
posteriorly, limited by the spine and the aorta in the back, and the oesoph- 
agus and heart in front. In these weak spots the mediastinal sheets 
are close to each other. With increase of pressure in the left pleural cav- 
ity the mediastinum will be gradually displaced to the right. With fur- 
ther increase of pressure the mediastinum will no longer move in toto to 
the right. Ifthe pressure in the right pleural cavity is raised the pleural 
sheets, which normally almost meet in the midline, will be again overdis- 
tended and a bulging on the left will appear. 

Sewall (2) in his Critique of Pneumothorax reviewed this question. He 
stresses very reasonably the lack of support for the mediastinal pleura in 
the superior mediastinum. He refers also to experiments showing that 
removal of the lung and ribs on the right and insufflation of air into the 
pleural cavity in the cadaver result to a certain extent in displacement of 
the superior mediastinum to the right. | 

Thus this complication, encountered often in the course of artificial 
pneumothorax, is interpreted by Nitsch as due to the overblowing of the 
mediastinal septa. 

This interpretation has been generally accepted. Many similar cases 
have been reported in the literature under the diagnosis of mediastinal 
hernia, mediastinal bulging, or mediastinal pseudohernia. 


1 From the Sanatorium of the Jewish Consumptive Relief Society, Spivak, Colorado. 
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In discussing this complication Nitsch in 1910 and Sewall in 1928 did 
not refer to the displacement of mediastinal viscera. They stressed the 
overblowing and approximation of both mediastinal pleurae. Therefore 
mediastinal hernia or mediastinal bulging, as a name of this complication, 
should be discarded entirely. Bulging of the mediastinal septa would be 
more correct. 

In the following discussion I shall strictly differentiate between the 
mediastinum and the mediastinal septa. 

The right mediastinal septum is applied to the upper part of the supe- 
rior vena cava. The superior vena cava commences immediately below 
the cartilage of the first rib. 

The left mediastinal septum is applied to the area of the aortic notch. 
This area of the aorta commences at the upper border of the second chon- 
drosternal articulation. There is also a firm attachment of the medias- 
tinal septa to corresponding aspects of the pericardium. 

Figures 8 and 10 show the outline of the part of the left mediastinal 
septum corresponding to the left lateral aspect of the anterior mediasti- 
num; the points of attachment of the septum to the area of the aortic 
notch and to the pericardium can be seen. 

The finer histological structure of the thin parts of the mediastinal 
septum was discussed by Seifert at the 52nd Convention of German Sur- 
geons. According to him (3) the thin parts of the septum of experimental 
animals (dogs, cats, guinea pigs and rats) show a structure similar to that 
of the omentum majus. This proves the ontogenetic relation of both 
these membranes and explains why in these animals unilateral pneumo- 
thorax is impossible (innumerable stomata of the mediastinal septa). In 
man, monkey and rabbit the mediastinal septum is still similar in struc- 
ture to the omentum but it does not show stomata. 

Apparently the mediastinal septum develops gradually in a tight mem- 
brane. Herzog (4) believes that in childhood this septum contains fewer 
elastic fibres and is more easily injured. In adults, as a rule, the septum 
is normally air-tight. However, this air-tightness is relative. 

It is also well known that in pneumothorax absorption of the insufflated 
air through the visceral pleura goes on continuously. Formerly, when 
nitrogen was insufflated, diffusion of gases through the pleura was re- 
peatedly demonstrated. 

In some instances the pleura may become atrophied and permeable 
to air, as reported by Zahn (5) in a case of pneumothorax from atrophy of 
the visceral pleura. This condition was discovered at the autopsy. The 
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lungs were emphysematous. Seven perforations of the pleura were 
found, but these were not ruptures. The pleura was remarkably thin. 
The perforations were apparently the result of pressure atrophy and dis- 
turbed nutrition. 

This is an exceedingly rare case, but atrophy and other injuries of the 
visceral as well as of the mediastinal pleura can be expected more often. 
Theoretically, one is entitled to assume that in abnormal conditions the 
mediastinal septum may become permeable to air. 

The mediastinal space is occupied by the mediastinal viscera. These 
viscera, according to Nitsch (6), present a conglomerate of various organs, 
which differ in anatomical and physiological relations. 

Through a network of strong connective-tissue bands and elastic fibres, 
which penetrate all recesses, these organs are held together, so that the 
mediastinum appears as a solid mass. On a cadaver it is quite hard to 
penetrate with the finger through this solid mass. J vivo it must be still 
more difficult. 


Therefore an X-ray plate of the mediastinum usually shows a homo- 
geneous mass and individual organs cannot be differentiated. 
Lank (7) believes that on the X-ray plate just those contours are visible 


which bound the air-containing lung tissue and reach the mediastinal 
septum. The absence of air in the mediastinum explains the considerable 
difference between the X-ray findings in pathological processes of the 
lungs and those of the mediastinum. 

On the other hand, entrance of air into the mediastinum through the 
mediastinal septum (emphysema of the mediastinum, which is a compli- 
cation in various conditions) can be easily detected on the X-ray film. 

Surgeons are quite familiar with this dangerous complication and some 
experimental work has been reported by them in relation thereto. Johan- 
nides and Tsoulo (8) injected air into the lungs of experimental animals 
(cats) and produced large bubbles of air in the posterior mediastinum. 

Cases are reported in which mediastinal emphysema occurred during 
the induction of general anaesthesia by the closed method. This compli- 
cation was observed in a patient in whom general anaesthesia was induced 
by the insufflation method and in whom the air-pressure was raised to 
60 mgm. of mercury. 

A similar case is reported by Bauer (9) who performed a stomach resec- 
tion under this type of anaesthesia. Two hours after the operation the 
patient became cyanotic and very dyspnoeic; pulsation of the veins of the 
neck was noted. The condition was interpreted as mediastinal emphy- 
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sema, due to rupture of lung alveoli and entrance of air into the interstitial 
spaces of the lung and consequently into the mediastinum. 

Entrance of air into the mediastinum during operations on the base of 
the neck or following violent efforts during parturition has also been 
reported. 

Jehn and Nissen (10), in reporting their painstaking investigation of 
mediastinal emphysema, refer to the same aetiology as the authors above 
cited. They stress the paucity of signs and symptoms and the impor- 
tance of subcutaneous emphysema of the neck as a reliable diagnostic sign. 
In some cases the air from the mediastinum escapes to the interstitial 
tissues of the chest or to the abdominal cavity. X-ray examination 
may be very helpful, showing patches of air in the mediastinum and out- 
lining the contours of the big vessels. The course is usually mild but 
may become serious. 

Since, as we have mentioned above, the mediastinal septum of the child 
is less developed than that of the adult, mediastinal emphysema may be 
expected more frequently in children. In fact this complication has been 

} reported as due to violent coughing in cases of pertussis. 

A case of mediastinal emphysema in a child of two years is reported by 
Baum (11). Following acute laryngotracheal bronchitis, a pneumonic 
process of the right upper lobe developed. The X-ray film showed a line 
on either side parallel to the heart border, interpreted as representing the 
mediastinal pleura which was pushed outward by air in the mediastinal 
tissues. Apparently, because of the morbid process and weakness of the 
mediastinal septum, air from ruptured alveoli entered the mediastinum. 

Among 2,000 intubations in children Bokay observed four cases of 
mediastinal emphysema. 

Cnopf (12) reports the autopsy findings in a child of two years who 
died after tracheotomy. Emphysema of the anterior mediastinum was 
found. 

In degenerative and various other morbid processes of adults, the lung 
alveoli and the mediastinal septum may be damaged with resultant me- 
diastinal emphysema. 

Such a complication is reported in a few cases of cholera, of pulmonary 
atrophy, of bronchopneumonia attending infectious diseases, of tubercu- 
lous pneumonia, and especially of unsuccessful pneumothorax. 

Review of a few such cases from other authors and report of one of our 
own will be interesting. 

In Schill’s case (13) of right-sided pneumothorax the patient com- 
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plained, during and after an inflation, of pain on the contralateral side. 
Manometric readings, positive at the beginning of the refill, became at 
once negative. The X-ray gave evidence of mediastinal emphysema 
and of a small pneumothorax on the contralateral side. Emphysema 
of the neck followed. The author believes that the sudden decrease in 
manometric reading was due to separation of adhesions somewhere close 
to the mediastinum. Air entered the mediastinum and penetrated to the 
other side and into the soft tissues of the neck. 

A similar but fatal case is reported by Sercer and Peicic (14). The sec- 
ond refill in this case (600 cc.) was immediately followed by emphysema 
of the neck which spread very rapidly. The patient died in a few days. 
At autopsy emphysema of the posterior mediastinum and swelling of the 
larynx were found. 

Pissavy, Shaeffer and Giberton (15) report the case of a young girl with 
far-advanced tuberculosis who suddenly developed pain in the region of 
the heart. A few hours later a swelling of the neck was noted. Emphy- 
sema of the mediastinum was diagnosed. Subcutaneous emphysema 
continued to spread. The patient died. The authors believe that a rup- 
ture of the lung led to air entering the mediastinum and subsequently 
the soft tissues of the neck. 

Sayago and Lastro (16) report the case of a girl of twenty-three. Ini- 
tial pneumothorax was attempted, but unsuccessfully. Emphysema of 
the mediastinum developed immediately, accompanied by severe pain in 
the region of the heart and severe dyspnoea. A few hours later crepita- 
tion was audible in the supraclavicular fossa. The patient recovered in a 
few days. 

Our case (1) was in a man 40 years of age. X-ray film on admission 
showed the right upper lobe extensively excavated, fibrotic and retracted; 
a fibroulcerative lesion of the upper part of the left upper lobe; the medi- 
astinum considerably distorted to the right; and the aortic notch not 
visible. H 

Because of persistent and profuse haemorrhages for three days, induced 
pneumothorax on the right side was deemed advisable. Three punctures 
on April 16, 1925, were unsuccessful. On April 18 the patient began to 
complain of pain in his neck and of a slight difficulty in swallowing. 
Examination revealed subcutaneous emphysema of the neck, which 
spread rapidly. The following day his condition became grave. His 
face was greatly swollen, and he could hardly see because of the emphy- 
sema of the eyelids. He could only with difficulty open his mouth. It 
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was hard to swallow. Back and chest showed extensive subcutaneous 
emphysema with deep crepitation. 

The general appearance (see figure 1, taken at that time) was that of a 
body which had remained a long time under water. 

The X-ray film (figure 2) made on the same day, April 20, shows pneu- 
mothorax on the right side. The upper part of the mediastinum is dis- 
placed to the left; the aortic notch became visible. Due to high pressure 
in the right pleural cavity, the right mediastinal septum was apparently 
damaged by distention, and became permeable to air which entered the 
mediastinum and accumulated there. 

This is evidenced by bulging of the right and left mediastinal septa, 
shown on the radiograph as thin lines running on the right from the first 
rib (point of attachment of the septum) to the third rib, and on the left 
from the aortic notch to the heart (points of attachment of the septum). 
Patches of air are seen between the big vessels and the bulging septa. 
The contours of the big vessels are outlined. The left mediastinal sep- 
tum still remains impermeable to air (no pneumothorax on the left side) 
due to the fact that it has enough support in the elastic lung tissue. The 
picture also demonstrates air in the soft tissues of the neck. 

The patient’s condition became worse; he was very cyanotic and 
breathing was stertorous in type. He died April 22. No autopsy was 
performed. 

The postmortem X-ray film (figure 3) shows bilateral pneumothorax, 
emphysema of the mediastinum, bulging of the upper part of the right 
mediastinal septum, and extensive interstitial emphysema of the neck. 

Evidently air accumulated in the mediastinum under high tension, 
distended and damaged the left mediastinal septum, which became per- 
meable to air. Air entered the left pleural cavity and the pneumothorax 
became bilateral. 

Air in the left pleural cavity was apparently under high tension, and 
much pressure was exerted on the left mediastinal septum, resulting in 
return of the mediastinum and mediastinal septum to their normal posi- 
tion. Neither the aortic notch nor the bulging mediastinal septum can 
be seen. 

Due to extensive displacement to the left of the big vessels and likewise 
of the trachea, the interstitial tissue of these structures became loose, so 
that air entered into the interstitial tissues and appeared at the neck. 
Pressure, increasing with each inspiration in the pleural cavities and 
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mediastinum, forced more and more air into the interstitial tissues of the 
neck, chest and back. 

Mediastinal emphysema may occur also in a regularly managed pneu- 
mothorax case when gas is given under increased pressure or when the 
mediastinal septum happens to be distended and damaged. 

Parfitt and Crombie (17) observed emphysema of the mediastinum in 
the course of pneumothorax treatment in 9 cases. The complication was 
manifested by the following symptoms: pain beneath the sternum and in 
the neck; slight difficulty in swallowing; a crackling when swallowing or 
moving the jaws. All symptoms usually disappeared within thirty-six 
hours. 

A few of our cases with roentgen-ray diagnosis may demonstrate the 
condition more clearly. 


CAsE 1 

Fic. 1. Shows subcutaneous emphysema of the face and the neck. 

Fic. 2. Shows a pneumothorax on the right side, displacement of the upper mediastinum 
to the left, bulging of both mediastinal septa, patches of air in the mediastinum and air in the 
soft tissues of the neck. 

Fic. 3. Shows a bilateral pneumothorax, air in the mediastinum, bulging of the right me- 
diastinal septum and extensive subcutaneous emphysema of the neck. 


CASE 2 
Fic. 4. Shows a pneumothorax on the right, extensive bilateral bulging of the mediastinal 


septa. 
Fic. 5. Shows slight bulging of the left septum, a patch of air in the mediastinum and re- 
turn of the right septum to its normal position. 


Case 2: A young man of 18 entered the Sanatorium April 29,1924. X-ray and 
physical examination pointed to an extensive lesion of the right upper lobe. 
The upper part of the mediastinum was distorted to the right. 

Right-sided pneumothorax was instituted on June 1, 1926. 

The X-ray film (figure 4), taken in the expiratory phase, shows bilateral bulg- 
ing of the mediastinal septa, visualized as curved lines. On the right side this 
line starts at the first interspace, from the point of attachment of the mediastinal 
pleura to the superior vena cava, and goes down to the heart-shadow, to the 
point of attachment of the mediastinal septum to the pericardium. On the left 
side the thin curved line runs from the aortic notch down to the heart-shadow. 
In the expiratory picture the left septum balloons more than on the inspiratory 
and the mediastinum in toto is displaced to the left. Repeated X-ray exam- 
inations demonstrated the same ballooning. At that time refills were given 
under comparatively high pressure (positive final readings). Air passed through 
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the mediastinal septum into the mediastinum, accumulated there under 
high tension, and distended both septa. This is evidenced by curved lines on 
both sides encircling a space containing air. 

Because of discomfort experienced by the patient, smaller amounts of gas 
at longer intervals were injected. The air was gradually absorbed from the 
mediastinum and thus less pressure was exerted on the septa. This is demon- 
strated by figure 5. In this picture the right mediastinal septum has returned 
to its normal position (no more bulging) because the pressure of the right pneu- 
mothorax became higher than the intramediastinal pressure, whereas the left 
septum still can be seen bulging. Subsequently the air was absorbed entirely, 
the bulging on the left disappeared, and the mediastinum became retracted to 
the right. 


Case 3: A young man, aged 20 years. Because of excavation of the left upper 
lobe and haemorrhages, artificial pneumothorax was instituted on June 19, 
1929. 

The X-ray film taken on December 30, 1929 (fig. 6) shows bilateral bulging 
of the mediastinal septa corresponding to the superior mediastinum and mani- 
fested by thin curved lines encircling areas which contain air. At that time, 
as in case 2, refills were given under high pressure (final readings positive). 
Mediastinal emphysema followed, with ballooning of the septa. Later the air 
was absorbed and the patient made an uneventful recovery. 


Case 4. A girl, aged 25 years. Because of extensive involvement of the left 
lung artificial pneumothorax on this side was resorted to on December 18, 1925. 

Apparently because of adhesions, only small amounts of air could be insuf- 
flated (50 to 150 cc.), with positive final readings +40, +60. On January 
13, 1926, 250 cc. of air were insufflated with high positive readings. The pa- 
tient reacted to this refill with a high temperature, pain in the left shoulder, and 
a small pleural effusion. An X-ray film taken January 25, 1926 (figure 7) 
showed a moderate pneumothorax on the left side, a low fluid-level, and bulg- 
ing of the left mediastinal septum toward the left side. Bulging continued 
for five months, as could be seen in the subsequent pictures and on fluoro- 
scopic examination. Apparently pneumothorax given under high pressure 
damaged the visceral pleura (pain in shoulder, pleural effusion), and it possibly 
tore some adhesions (rapid increase of the space). Simultaneously the medi- 
astinal pleura was also damaged and became permeable to air. Emphysema 
followed with bulging of the septum toward the left (pneumothorax) side. 


Cases 1, 2 and 3 showed bilateral bulging; case 4 showed bulging to- 
ward the pneumothorax side. This phenomenon is entirely due to in- 
creased pressure in the mediastinum and cannot be explained as over- 
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blowing of the septa caused by increased pressure in the pneumothorax 
side. 

Figure 5 (case 2) shows unilateral bulging toward the contralateral 
side. This is interpreted by all authors as due to overblowing and ap- 
proximation of both mediastinal pleurae. But we know that this was 
preceded by bilateral bulging (figure 4) due to mediastinal emphysema. 
In that case, with decrease of pressure in the right pneumothorax, most 
of the air was absorbed from the mediastinum through the mediastinal 
pleura; just a patch of air can be seen at the right. Pressure in the medias- 
tinum decreased, and was able only to distend the left septum, while the 
right returned to its normal position. 

This interpretation is the only one possible in this particular case. It 
explains satisfactorily the development of mediastinal emphysema and 
bulging of the septum toward the pneumothorax side in case 3 (figure 7). 

It may be supposed that frequent X-ray examinations (especially in 
the expiratory phase) would more often disclose bilateral bulging. On 
fluoroscopic examination, this was detected in another one of our cases 
of unilateral bulging, and was helpful in establishing the diagnosis of 
emphysema of the mediastinum. 

However, in the great majority of cases, if there is air in the mediasti- 
num it is under pressure, not enough to distend the mediastinal septum 
of the pneumothorax side (since it is met by increased pressure on that 
side), but enough to overcome the resistance of the elastic tissues of the 
contralateral lung and to distend the mediastinal septum adjacent to this 
side. These are the cases reported in the literature with the diagnosis 
of overblowing and approximation of the two mediastinal septa. 

But it is scarcely conceivable that the mediastinal septum, although 
distensible, can be overdistended so far toward the other side as to reach 
the curved line visible in the pictures. 

One has only to bear in mind the considerable distance between the two 
septa at the level of attachment of the mediastinal pleura to the peri- 
cardium, to realize that the mediastinal septum is liable to rupture, if 
overdistended too much; a condition which would be accompanied by 
very severe symptoms. Blowing out of a part of the mediastinal septum 
of the pneumothorax side could be considered. Then the septa would 
approximate and partly meet. If this happened, visualization of a part 
of the septum of the other side could be expected: two curved lines ap- 
proximated at one point and diverging above and below this point should 
be visualized. Neither in our cases nor in the literature have I encoun- 
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tered reports of such X-ray findings. There is a possibility of complete 
approximation of both septa in the superior mediastinum, due to lack of 
support. But in most of the cases the bulging continues far below the 
superior mediastinum. 

Experiments performed on cadavers in which both septa are extensively 
overblown cannot be taken into consideration, since in these experiments 
lung and ribs were removed on one side and no resistance to the overdis- 
tention could be expected. The elastic lung tissue zm vivo must be con- 
sidered as a controlling mechanism. 


CASE 3 
Fic. 6. Shows a pneumothorax on the left and a bilateral bulging of the mediastinal septa. 


CAsE 4 
Fic. 7. Shows a hydropneumothorax on the left side and extensive bulging of the left 
mediastinal septum toward the pneumothorax side. 


5 
Fic. 8. Shows a pneumothorax on the right side and bulging of the left mediastinal septum, 
visualized as a curved line, encircling a space containing air. 
Fic. 9. Oblique film. Shows the same bulging, a patch of air in the posterior mediasti- 
num and the fibrous layer of the pericardium attached to the diaphragm. 


CASE 6 
Fic. 10. Shows a right hydropneumothorax, a hydropneumomediastinum and _ bulging of 
the left mediastinal septum 


That careful and repeated X-ray examination may be of great impor- 
tance in establishing the diagnosis of mediastinal emphysema in unilateral 
bulging is illustrated by the following two cases. 


Case 5: A man, aged 38 years, with bilateral involvement, the major lesion 
being on the right. On August 8, 1925, artificial pneumothorax was instituted 
on the right side. 

Refills of moderate amount under high negative pressure were given weekly. 
In order to obtain better collapse the pressure was increased (final readings 
occasionally positive). The X-ray film taken January 5, 1926 (figure 8) shows 
extensive collapse of the right lung; middle part of the mediastinum displaced 
to the left; aortic notch prominent; bulging of the mediastinal septum on the 
left from the aortic notch to the heart-shadow, visualized as a curved line, 
encircling a space which contains air. An oblique plate taken shortly after- 
ward (figure 9) showed the same bulging and a patch of air in the posterior 
mediastinum. Due to the presence of air in this space, the attachment of the 
fibrous layer of the pericardium to the diaphragm became visible. 
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Case 6: In a man aged 35 years artificial pneumothorax on the right side was 
instituted on December 17, 1923, refills being given under negative pressure. 
From July, 1924, in order to increase the collapse, inflations were given to a 
higher pressure (final readings, +30, +40); only small amounts of air could be 
insufflated. The patient shortly developed a pleural effusion on the right side. 

The X-ray film taken on August 19, 1924 (figure 10) shows a satisfactory 
pneumothorax on the right, with a fluid-level; the mediastinum slightly dis- 
placed to the left; bulging of the mediastinal septum toward the left from the 
aortic notch to the heart-shadow, visualized as a curved line encircling an area 
containing air. Attachment of this curved line to the pericardium is clearly 
seen. Below the area containing air a straight fluid-level caii be noted; this 
straight fluid-level is a good proof of the presence of air in the mediastinum 
and of the existence of a hydropneumomediastinum, a condition analogous to 
hydropneumothorax. Evidently air entered the mediastinum. 

Due to increased pressure in the hydropneumomediastinum, the bulging 
of the mediastinal septum is quite extensive and its point of attachment to the 
pericardium is clearly seen. The fluid level in the mediastinum is higher than 
in the hydropneumothorax. 

An oblique film gave good evidence of the presence of air in the anterior and 
posterior mediastinum. 

The fluid-level in the mediastinum could be interpreted as a continuation of 
the pleural effusion and as being located in the right pleural cavity. 

However, a right pleural exudate, which reaches the midline of the mediasti- 
num or spreads slightly more to the left, is usually considerably larger, the level 
is quite high, the heart is displaced considerably more to the left. There is 
always seen a demarcation between the effusion shadow and the heart-shadow, 
because of the difference in density of the two shadows. All these signs are 
absent in our picture. Besides, as I have mentioned, the level in the mediasti- 
num in figure 10 is higher than the level in the pleural cavity. 

The X-ray picture in this case must therefore be interpreted as 
hydropneumomediastinum. 

Regarding the fluid which accumulated in the mediastinum it was probably 
due to an inflammatory process of the mediastinal pleura which developed 
simultaneously with the same process of the lung pleura, and it may have been 
of the same origin or have been due to stretching of the mediastinal septum. 

The next X-ray film showed absorption of the hydropneumomediastinum 
while in the right pleura the effusion still remained. 


A similar case is reported in the German literature by Oekonomopoulo 
(18): it was a case of spontaneous pneumothorax with mediastinal hernia 
in the upper mediastinum. The heart was displaced to the right. X-ray 
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film showed air in the mediastinum. Under observation the exudate in 
the mediastinum absorbed, but reappeared after the patient had devel- 
oped paratyphoid fever. The fluid-level in the mediastinum was higher 
than in the pleural cavity. 

Evidently Oekonomopoulo’s case, diagnosed by the author as medias- 
tinal hernia, was also a case of mediastinal emphysema complicated by 
mediastinal effusion, as proved by the existence of air in the mediastinum 
and by a straight fluid level in the mediastinum higher than in the pleural 
cavity. 

Emphysema of the mediastinum serves to explain and include all the 
phenomena observed in association with bulging of the mediastinal septa 
in all cases cited above. 

These cases represent practically all the varieties reported in the litera- 
ture except one rarely met, namely, that of retracted septum. 

In the process of fibrosis in pulmonary tuberculosis retraction of the 
mediastinum in foto, or of a part of it, is observed quite often. 

In a case with fixed or partly fixed mediastinum, the force of retraction 
exercised by the visceral pleura on the mediastinal pleura may result in 
bulging of the mediastinal septum. 

If the process of fibrosis is extensive and of long standing, the retracted 
part of the septum will cast a more or less dense shadow (the usual picture 
of a thickened pleura). 

In a recent process we see an area containing air, encircled by a curved 
line (the retracted mediastinal septum), similar to bulging in mediastinal 
emphysema. ‘The retraction shows itself in the same area as in emphy- 
sema of the mediastinum. 

A similar observation is also reported by Gobel (19) in cases with fixed 
mediastinum, in which the weak spots did not participate in the process 
of fixation and consequently became retracted. It was proved on one 
occasion by autopsy findings. 

Sometimes it is quite hard to decide whether the bulging is due to re- 
traction or to mediastinal emphysema, as is illustrated by the following 
case: 


Case 7 A young man, 19 years old. Because of extensive involvement with 
cavitation of the left upper lobe, artificial pneumothorax was induced on the 
left. 

An X-ray film taken prior to pneumothorax (figure 11) shows retraction of 
the mediastinum to the left and simultaneously a bulging of the mediastinal 
septum toward the left. 
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The next film (figure 12) showed moderate collapse on the left. No more 
bulging could be noted. Apparently the pressure in the left pleural cavity was 
instrumental in restoring the bulging septum to its normal position. Later on 
the pressure on the pneumothorax side was increased. The cavity was pushed 
more toward the mediastinum and the bulging reappeared as a curved line 
encircling an area with apparently transparent lung tissue. It could not be de- 
cided whether this reappearance of the bulging was due to pushing from inside 
of the mediastinum (emphysema) or to retraction following increased fibrosis. 


CASE 7 


Fic. 11. Shows bulging of the left mediastinal septum due to retraction by fibrosis. 
Fic. 12. Shows a collapse on the left; no more bulging can be seen. 


A survey of our cases suggests that mediastinal emphysema occurs 
more often in young individuals or in cases in which pneumothorax is 


given at high pressure. 

Our patients complained of slight pain in the chest, and occasionally 
of dyspnoea; on one occasion pain was quite severe and the patient com- 
plained of dizziness. On two occasions subcutaneous emphysema was 
noted. 

The course was in all cases mild, and refills were discontinued for a time 


or given in smaller amounts. 


M 

Fic. 11 Fic. 12 


753 


EMPHYSEMA OF MEDIASTINUM 


REFERENCES 


(1) Nrrscu: Die “schwachen Stellen” des Mediastinums, Beitr. z. Klin. d. Tuberk., 1910- 
1911, xvii & xviii. 

(2) SEWALL, H.: Critique of artificial pneumothorax, Amer. Rev. Tuberc., 1928, xviii. 

(3) SerFERT: Ueber den feineren Bau des Mediastinums, Arch. klin. Chir., 1928, p. 151 
(Abstr., Centrlbl. f.d.g. Tuberkforsch., 1929, xxx, 265). 

(4) Herzoc: Wiener Arch. f. in Med., 1926 (Abstr. Centrlbl. f.d.ges. Tuberkforsch., 1929, 
xxvii, 777). 

(5) ZAHN: Virchow’s Arch., 1891, cxxiii, 197 (Abstr., John Hopkins Hosp. Reports, xi, p. 
137). 

(6) Nirscu: Die “‘schwachen Stellen” des Mediastinums und ihre klin. Bedeutung, Beitr. 
z. Klin. d. Tuberk., 1910-1911. 

(7) Lenx: Systematische Mediastinaldiagnostik, Centrlbl. f.d.ges. Tuberkforsch., 1930, 
xxxiii, 333. 

(8) JOHANNIDES AND TsovuLos: Arch. Surg., 1930, xxi. 

(9) Bauer: Zur Bekimpfung des lebenbedrohlichen Mediastinalemphysems nach Press- 
narkose, Centrlbl. f. Chir., 1929 (Abstr., Centrlbl. f.d.ges. Tuberkforsch, 1930, 
XXXii). 

(10) JEHN AND NissEN: Pathologie und Klinik des Mediastinalemphysems, Dtsch. Ztschr. 
f. Chir., 1927, ccvi. 

(11) Baum: Acute laryngotracheobronchitis, Jour. Am. Med. As., October 13, 1928. 

(12) Cnopr: Miinch. med. Wchnschr., 1893 (Abstr., Johns Hopkins Hosp. Reports, xi, p. 
142). 

(13) Scuitt, E.: Mediastinalemphysem als Komplikation des kiinstlichen Pneumothorax, 
Beitr. z. Klin. d. Tuberk., 1927, Ixv, 505. 

(14) SERCER AND Petcic: Ein Beitrag zur Kasuistik der Todesfille beim kiinstlichen Pneumo- 
thorax, Ibid., 1922, liii, 123. 

(15) Prssavy, SCHAEFFER AND GIBERTON: Emphyseme sous-cutané spontane chez un tuber- 
culeux, Bull. et Mém. Soc. Méd. Hép. Paris, no. 5 (Abstr., Centrlbl. f.d.ges. 
Tuberkforsch., 1922, xvii, 591). 

(16) SAyAGO AND Lastra: Semana Med., 1929, i (Abstr., Centrlbl. f.d.ges. Tuberkforsch., 
1929, xxxi, 615). 

(17) ParFirr AND CROMBIE: Five years’ experience with artificial pneumothorax, Amer. 
Rev. Tuber., 1919, iii, 393. 

(18) OExonomopouLo: Das Mediastinum im spontanen und kiinstlichen Pneumothorax, 
Beitr. z. Klin. d. Tuberk., 1926, lxiv, 378. 

(19) G6BEL: Ueber Vorbuchtungen der schwachen Stellen des Mediastinums bei einseitgen 

Zirrhosen und ihre Darstellung im Réntgenbild, Zeitshr. f. Tuberk., 1928, li. 


4 

i 


THE SUPERIORITY OF MINERAL OIL OVER OLIVE OIL 
IN OLEOTHORAX 


Experimental Studies':? 
I. GOLDENBERG anp S. I. FLANCHIK 


Since Bernou made his first report on oleothorax in 1922, this method of 
therapy has been quickly adopted in tuberculosis clinics throughout the 
world. 

The first indications for the application of this therapy were with the 
aim of treating complications in the course of artificial pneumothorax, 
such as perforation and purulent effusions, as are fully explained by Ber- 
nou in his methods, as well as by many other writers in their recent works 
in the same field (Russ) and his school (Fontaine, Diehl) and others. 

We also find that oleothorax was used at first, not only for purposes of 
disinfection (oleothorax desinfectant), but also as a method of collapse 
therapy in cases of artificial pneumothorax in which there was a possi- 
bility of the pleural space becoming obliterated because of adhesions 
(oleothorax compressif and antisymphysaire). 

At present there exists a controversy about the usefulness of its appli- 
cation in the treatment of bronchial fistula and in empyemata. Diehl 
and Dumarest maintain one view, whereas Fontaine, Russ, Bernou and 
Lowenthal are of the reverse opinion. However, its value as a method of 
collapse therapy remains almost unquestioned. Rist proves to us by 
his data on the work of Fontaney that at present it is premature to give 
definite conclusions about the indications, results and the value of oleo- 
thorax. 

The latest material on this subject has been very closely checked and 
is the result of extended observation, having been verified not only 
clinically but histologically and partly experimentally. 

There is usually added to the oil used in the therapy, in their proper 
proportions, gomenol, eucalyptus oil, iodipin, guaiacol (Bernou, Russ, 
Fontaine, Marin and Boussee, Dich, Loewenthal, Fishenson). The injec- 


1 From the Experimental Department of the Tuberculosis Institution, Charkow, Ukraine. 
2 Translated by Dr. Charles Rubenstein, Los Angeles, California. 
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tion of such mixtures into the pleural cavity, because of the basic oils 
themselves, and the disinfecting substances contained in them, set up 
complicated reactions not only on the surrounding tissue, but also on the 
organism as a whole. 

For that reason, investigation is warranted, in order to study the action 
of the oils used on the pleura, and also so as to learn the changes that the 
oil undergoes while in the animal body, and the celerity of its absorption. 

The chemical component of the vegetable oil, particularly olive oil, 
comprises in itself a complicated ether of fatty acids and glycerine, which 
are easily split up under the influence of lipolytic factors of the organism, 
into its component parts. It is capable of being absorbed much more 
quickly than the mineral paraffin oil (carbonhydrogen). 

Some of the authors who attempted to solve this question did experi- 
mental work, not with pure oils, but with mixtures containing disinfect- 
ing substances. Diehl and Weitz studied principally the action of the 
oil upon the pleura itself. 

Others, such as Binet, Leon, Vernie and Bratiana, studied the action 
of pure oil upon the pleura, and found no inflammatory changes in the 
pleura. The resorption of the oil, according to their reports, had its oc- 
currence not with the aid of the leucocytes, but under the functional 
hypertrophy of the pleura. 

Morphologically they found (1) the pleural endothelium swollen and 
in some places full of fat cells; (2) the connective tissue of the pleura in 
some places diffusely thickened by vessels formed within. 

Rosen in his experimental work with liquid paraffin found that it acts 
by becoming dried upon the pleura to such an extent, that upon subse- 
quent introduction of such irritating substances as hypertonic solution 
and bacterial toxin, effusions in the pleural cavity were not formed. 
After the injection of oil into the pleural cavity, adhesions formed, and in 
comparatively recent cases (3-7 weeks) the pleura became completely 
obliterated. 

By histological investigation of the pleura Rosen found that drops of 
the oil are lodged in the meshwork of highly developed tendons of con- 
nective tissue of the subserous layer. He found that an infiltration of 
circular cells around the drops of oil is not one of its reactions nor was a 
phagocytosis seen. 

Following a preliminary pneumothorax, Clerc injected 18 cc. of pure 
mineral oil or olive oil into rabbits, using a different oil for each rabbit. 
Two weeks later he killed them. ' 
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As a result of these experiments, he found that a strong pleural reaction 
was obtained. The mineral oil was absorbed more slowly than the 
olive oil. By histological examination in cases in which mineral oil was 
used, he found in the outer layer of the lungs a diffuse infiltration of 
lymphocytes, plasmatic cells and enlarged blood-vessels. The pleural 
covering became thickened by an overlying layer of fibrin, in some places 
without an epithelial cover. In other places, young connective tissue 
infiltrated by lymphocytes, plasmatic cells, fat cells, multinucleated 
giant phagocytic cells, or leucocytes grew through the fibrin. 

When mineral oil was used, there occurred a formation of a chronic 
granulomatous tissue in the pleura. Contrary to this, when olive oil 
was used, no lymphocytic infiltrations resulted. 

Levitcheck made some experiments with the aim of learning the ac- 
tion of olive oil, vaseline and almond oil on the pleura of rabbits, guinea 
pigs and dogs. Altogether 17 animals were used in his experiments. 
The olive oil, vaseline and almond oil were injected into the animals at 
different degrees of temperature. His findings were as follows: (1) the 
injection of oil into the pleura gave chiefly a fibrotic reaction; (2) in 
comparison with almond oil and vaseline, olive oil gave rise to a reaction 
of less intensity, and consequently gives us reason to believe that it is the 
oil most suitable for oleothorax. 

In the application of oleothorax in their clinic, the authors found by 
experimental work the action of olive oil and paraffin oils, without the 
addition of any disinfecting substances, upon the healthy pleura of rab- 
bits. The facts they wished to prove in these experiments were the 
celerity of the absorption of the oils and the changes taking place in 
the oils while in the pleural cavity. 

For this purpose rabbits weighing from 1,600 to 2,000 gm. were sub- 
jected to artificial pneumothorax, and into the formed cavity was intro- 
duced at various times olive oil or mineral oil in different quantities of 
from 20 to 150 cc. for different lengths of time ranging from 18 days to 4 
months. 

Besides general routine care all animals were subjected to X-ray dur- 
ing the application of oleothorax. 

Some of the rabbits died, and some were killed at various times. They 
all had an autopsy, and 13 of them were studied histologically. Of these 
13, five had been given olive oil and the remaining eight paraffin oil. 

Although both types of oil were, in general, absorbed very slowly, the 
olive oil was absorbed more quickly than the paraffin oil. The changes 
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which took place in the oils, particularly the olive oil, depended upon the 
length of time they had been in the pleural cavity. No changes were 
exhibited by the paraffin oil until after a presence of 15 to 2 months in the 
pleural cavity. The olive oil, however, indicated marked changes even 
after a short period of time. 

After eighteen days, which was the first term of autopsy of the rabbits, 
the olive oil remaining in the pleural cavity already took on a thick, 
creamy form, like an emulsion. The longer the oil remained in the pleu- 
ral space the more resistant the emulsion appeared to be. 

In one instance in which the olive oil had remained in the pleural cavity 
for four months, investigation in a glass tube showed that the emulsion 
had begun to separate itself into three parts: namely, in the upper part 
the olive oil appeared unchanged, in the middle part was a purulent mass 
consisting of fat-regenerating leucocytes and emulsified oil, and in the 
lower part there was a small quantity of red cells. 

The same emulsion having remained in the pleural cavity for a shorter 
period of time, that is, a half-month, was separated im vitro into the three 
parts more quickly, but the middle and lower parts were less distinguish- 
able. 

The liquid paraffin could not resolve itself into such an emulsion. It 
never changed, although separately we could find leucocytes and red 
cells. After as short a time as two months there were found, at autopsy 
in the rabbits, compact white bodies floating in the paraffin oil. The 
longer the oil had been in the rabbits, the more particles were found. 
These were sometimes of great volume, resembling in appearance solid 
paraffin. By heating them they melted very quickly and after melting 
remained in a liquid state. While in this melted state, the material 
separated itself into two parts,—oil on top and transparent liquid below. 

It is interesting to note that in patients in whom oleothorax was applied 
with paraffin oil, there was obtained, through pleural puncture after a 
short time, these very same small compact lumps. By heating, these 
lumps were melted and did noi again become solid. 

The wide differences in the physical changes which took place with 
these two oils in the pleural cavity may probably be accounted for by their 
chemical differences which was pointed out above. 

The olive oil was not only subjected to the physical change of emulsi- 
fication, but also to the fermentative and hydrolytic influences of the 
pleura, with its resulting products of disintegration, which in their turn 
aid the process of emulsification and increase the stability of the emulsion. 
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The paraffin oil, as a mixture of different hydrocarbons, principally of 
the ultimate kind, could not be affected by some of the deeper fermenta- 
tive processes. However, due to the length of time in the pleural cavity 
and its close proximity to the products of elimination of the pleura, in 
some cases of an inflammatory nature there was formed a characteristic 
colloidal substance, consisting of paraffin oil and these products. When 
heated, this substance separated itself into its component parts. 

This change in the liquid paraffin may have some significance, due to 
the fact that in an animal’s organism the pleural cavity does not have the 
proper ferments which would be capable of changing the ultimate 
hydrocarbons chemically. 

These possibilities have to be considered and studied. 

In regard to the difference in the end-products of liquid paraffin and 
olive oil after they have been for some time in the pleural cavity, we may 
conclude that from a clinical point of view the liquid paraffin would make 
a medium for oleothorax that is preferable to olive oil. The latter, divid- 
ing itself into its chemical components, glycerine and fatty acids, may 
serve as a strong irritating agent to the pleural cavity, causing there a 
local acidosis and other pathological conditions which would not result 
from liquid paraffin in the pleural cavity. 

It is doubtful whether the lumps mentioned above, which form after 
liquid paraffin has remained in the pleural cavity for a long time, have 
as irritating an effect as the olive oil. 

We have not, as yet, sufficient information to judge the influence of the 
oils on the whole organism, while they are in the pleural cavity. But it 
is supposed that olive oil, being split up into its component parts, has a 
wider influence on the whole organism than the liquid paraffin, which is 
incapable of being split up in the body. 

A definite solution to this problem can only be accomplished by a de- 
tailed chemical and biochemical analysis. 

As to the influence of the oils on the pleura, we know that where olive 
oil had been used a great many adhesions had been formed. On the 
pleura we found a deposit of fibrin, in places so profuse that it was diffi- 
cult to take the collapsed lung from out of the masses surrounding it. 

On the other hand, where no oil was given, we could see a serous pleu- 
risy, which is, as a rule, comparatively quickly absorbed, leaving after it 
a small number of adhesions. : 

In cases in which liquid paraffin was used there were fewer adhesions 
formed, the pleura was muddy and a slight deposit of fibrin was seen. 
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The inflammatory reaction, in general, was very slight. Contrary to 
this, where no oil was given, a small serous exudation was often found. 

Histological investigation has disclosed in most cases a marked hy- 
peraemia of the parenchyma of the lungs, with the vessels, arteries, veins 
and capillaries engorged with blood. The bronchi were sometimes empty 
and in some instances in a collapsed state, containing in them the residue 
of catarrhal products. Investigation also showed the alveoli partly 
emptied and in a collapsed state, and partly emphysematous. 

Sedimentation of a substance of brown pigmentation had taken place 
around the vessels in the interstitial spaces. There were foci of a small 
cellular infiltration around the vessels and bronchi, which became more 
marked on the level of the pleura. The pleura was thick, oedematous, 
and hyperaemic, accompanied by a large accumulation of a small cellu- 
lar infiltration. 

The difference in cases in which the different oils were applied consisted 
only in this: That the small cellular infiltration of the pleura and inter- 
stitial tissue of the lungs was more marked when olive oil had been used. 

Following is the detailed record of the autopsies of the rabbits, with 
their pathologicoanatomical and pathologicohistological findings: 


Rabbit 317: Weight 1890 gm. 2/20: 100 cc. of gas was introduced by nega- 
tive pressure. 10 cc. of olive oil injected into formed pleural space. 2/2/: 
Introduction of 35 cc. of oil. 2/23: X-ray revealed a horizontal fluid level 
over the diaphragm. Lung compressed. 2/26: Introduction of 30 cc. of oil. 
2/28: X-ray revealed the horizontal fluid-level to be as high as the third rib. 
Lung compressed. 3/6: Introduction of 45 cc. of oil. 3/16/30: Rabbit killed. 
Autopsy: The right pleural cavity filled with masses, yellowish-white color 
and compact, and with some liquid oil. The right lung is removed with diff- 
culty from the surrounding masses. It is in an atelectatic state. On the left 
pleura there is a whitish sediment. Otherwise there were no changes. 
Histological picture: The pleura is thickened by coverings of fibrous masses; 
in places they are organized. The lymphatic sinuses are not enlarged and are 
filled with a precipitated albuminous mass. The basis of the pleural tissue 
consists of small, cellular, infiltrated foci around the vessels. There is hyperae- 
mia of the tissue of the lungs. The large vessels are engorged with blood, 
and in places enlarged alveoli are seen. 


Rabbit 41: Weight 1870 gm. 3/26/30: By negative pressure 100 cc. of gas 
and 20 cc. of olive oil were introduced into the pleural space. 6/18/30: 
Rabbit killed. In the right pleural cavity there is sediment of a yellowish- 
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white color, having the appearance of a single mass. The lung is anaemic. 
In the left lung and pleura no changes are visible. 

Histologically: Marked hyperaemia of the lung tissue. At places there is a 
haemorrhagic infiltration and accumulation of a brown pigment found in small 
and large pieces. In places among the alveoli there are islands of a small 
cellular infiltration. The same infiltration is seen in some places about the 
bronchi and vessels. The bronchi are empty. The pleura is thickened. In 
it is found a small cellular infiltration that is more marked at the level of the 
lung tissues. It also reveals in some places blood clots, and evidence of oedema. 
The vessels are filled with blood. 


Rabbit 341: Weight 1650 gm. 2/20/30: By negative pressure 100 cc. of gas 
and 13 cc. of liquid paraffin were introduced. 2/2/: Introduction of 40 cc. of 
same oil. 2/23: X-ray revealed on the right side of the diaphragm a hori- 
zontal fluid-level. The lung is partially compressed. 2/26: Introduction of 
45 cc. of the same oil. 2/28: X-ray revealed the horizontal fluid-level at the 
third rib. The lung is compressed. 3/6: Introduction of 40 cc. of the same 
oil. 6/14: Rabbit killed. 

Autopsy: In the right pleural cavity is a transparent oil which is not changed 
in appearance (120 cc.). There isa small number of adhesions. The pleura 
is slightly hyperaemic. The right lung is in a slightly atelectatic state. No 
changes were found in the left lung. 

Histological picture: The lung tissue reveals a marked hyperaemia; blood- 
vessels are enlarged and filled with blood (arteries, veins and capillaries). 
The alveoli are partly in a relaxed state, partly emphysematously enlarged. 
In places are seen foci of a small cellular infiltration and a great deal of sedi- 
mentation of a brown pigment. The bronchi are empty. In some places the 
pleura contains enlarged vessels and lymphatic sinuses. These sinuses in 
places contain pink homogeneous masses with single lymphocytes; in some 
places in the pleural tissue are seen foci of small cellular infiltration. The 
pleura is unevenly enlarged and contains oedematous patches. 


Rabbit 271: Weight 1940 gm. 2/20/30: By negative pressure 50 cc. of gas and 
13 cc. of liquid paraffin were introduced. 2/21: Introduction of 28 cc. of the 
same oil.. 2/23: X-ray revealed on the right side of the diaphragm a horizon- 
tal fluid-level. The lung is partly collapsed. 2/26: Introduction of 45 cc. of 
the same oil. 2/28: X-ray showed the horizontal fluid-level as high as the 
third rib. The lung is partly collapsed. 3/6: Introduction of 40 cc. of the 
same oil. 4/19: Rabbit killed. 

Autopsy: In the right pleural cavity is about 115 cc. of liquid oil, in which 
white masses are seen floating about which look like solid paraffin. (By heat- 
ing, these pieces become liquefied and later resolidified.) The right pleura is 
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covered by a large, porous sedimentation of whitish color. The pleura is 
spongy and muddy. The lung is atelectatic. In the left pleural cavity is 
some serous fluid. 

Histologically: On a slide prepared by placing a section from the pleural wall 
are seen, in places, foci of a small cellular infiltration around a space, such as 
an oleogranuloma; giant cells are absent. The pleural tissue is generally 
thickened because of the permeation of a clear fluid. There are enlarged 
places full of blood-vessels. In some places are foci of small cellular infiltration. 
The lungs are hyperaemic. The alveoli are partly in a relaxed state and partly 
emphysematous. The bronchi in places are also in a relaxed state and contain 
catarrhal products in their lumina. 


Rabbit 39: Weight 2,100 gm. 3/26: By negative pressure 100 cc. of gas and 
20 cc. of liquid paraffin were introduced. 6/19: Rabbit killed. 

Autopsy: In the right pleural cavity are recently formed adhesions. On the 
visceral pleura are found islands of sediment. The oil had the appearance of 
a single white mass. The left lung is unchanged, except for a moderate amount 
of recently formed adhesions. 

Histological picture: The lung tissue is downy, and engorged with blood. 
There is much brown pigment within the walls of the alveoli around the blood- 
vessels. There are foci of small cellular infiltration around the vessels and at 
places around the bronchi. The bronchiare empty. The pleura is thickened 
and swollen, and filled with small cellular infiltrations. Vessels filled with 
blood are present in places. 


CONCLUSIONS 


1. Olive oil, as well as liquid paraffin, after being introduced into the 
pleural cavity produces an inflammatory reaction. This reaction is 
more marked when olive oil is used. 

2. Olive oil, even after being in the pleural cavity of a rabbit for a short 
time, undergoes marked physicochemical changes, whereas liquid paraffin 
undergoes changes only after a longer presence in the pleural cavity. 

3. The changes which take place in olive oil, and particularly liquid 
paraffin, while in the pleural cavity, and their general influence on the 
organism, warrant further detailed study. 

4. According to the data obtained by our experiments the use of paraf- 
fin oil is preferable to olive oil in the field of oleothorax. 

5. The entire question requires further observation in the clinic, bear- 
ing in mind the differences noted in the reactions of the pleura of the 
human being against those of the experimental animal. 
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COTTON-SEED OIL IN PROGRESSIVELY OBLITERATIVE 
ARTIFICIAL PNEUMOTHORAX! 


NORMAN BETHUNE 


Since the introduction of oleothorax by Bernou in 1922, the attention 
of the French schoo] has been principally occupied with the antiseptic 
and disinfectant usefulness of medicated oil in tuberculous empyema. 
Of late, in England and on the continent, there are signs that the first 
enthusiasm for gomenol as a disinfectant is lessening. In America its 
reception has been lukewarm. It may be said that it has never been 
given, except by the Matsons, any extensive trial in this country. The 
American Sanatorium Committee’s Report on the treatment of tuberculous 
empyema (1) concluded that gomenol has been too little used in America 
by the majority of men to permit the Committee to express an opinion. 
But, whether or not one is in favor of the trial of medicated oil in tu- 
berculous empyema, the usefulness of oils as a mechanical preventive 
against pulmonic expansion has not had in this country the attention it 
deserves. On the continent, gomenol, pure olive oil and liquid paraf- 
fin have been used in this fashion for a number of years. Of all the oils 
employed, the most innocuous and best-tolerated oil seems to be pure 
unmedicated olive oil. For use in this country we are now suggesting 
commercial cotton-seed oil (Wesson oil) as being cheap, pure, and equally 
effective. 

In a patient with artificial pneumothorax who has developed fluid, 
the base of the lung often creeps out beneath the fluid, which it displaces 
upward. The diaphragm becomes overlaid with adherent lung, the 
costophrenic angle fills up, becomes obliterated, and the gradual sym- 
physization of the two pleurae proceeds often very rapidly. Smaller 
and smaller refills are able to be introduced and it is usually only a ques- 
tion of time before the pneumothorax is lost entirely, or one is left with 
a small upper so-called “selective” collapse. These small upper pneumo- 
thoraces are hard enough to maintain if the patient is under strict insti- 
tutional control and harder still if the patient is ambulatory. This 


1From the Medico-Surgical Pulmonary Clinic, Royal Victoria Hospital, Montreal, 
Canada. 
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progressive obliteration of a free pleural space requires short-interval 
high-pressure refills, and in many cases these will fail. What prevents 
its more rapid closure is the lack of resiliency, due to fibrosis in the under- 
lying diseased portion of the lung, most commonly the upper half or up- 
per third. For such cases the substitution of an upper oleothorax, as a 
replacement for the remaining “‘selective” upper pneumothorax, should 
be tried. 

Cotton-seed oil is a bland, neutral oil of such a viscosity that when 
warmed to body temperature it may be introduced easily through a 16- or 
even (but more slowly) through an 18-gauge needle. It appears not to be 
irritating to the disciplined pleura; that is, a pleura which has been sub- 
jected to the indurative effect of air or fluid for upward of a year. It is 
of course, only comparatively speaking, nonirritating. A reaction occurs 
with any foreign substance, even air, when it is used in the pleural space, 
and this reaction is to be expected. In our cases it has not been sufficient 
to produce a recognizable gross effusion. In one case which had a 
sample tapping of oil for inspection every three months, no serum or fluid 
could ever be detected and no cells seen microscopically after the first 
month, when a few lymphocytes were reported. This pure cotton-seed 
oil is used without the addition of any medicament or so-called disinfect- 
ant; it is felt that the pleural reaction is reduced to a minimum. It was 
definitely less irritating than 5 per cent gomenol or liquid paraffin, as 
one of our cases demonstrated, when a fluid reaction with effusion was 
observed, and when these two other oils were injected previous to the 
cotton-seed oil in the same pleural space. Each of these two oils pro- 
duced both a local and a constitutional reaction. The cotton-seed oil 
was not followed by either constitutional signs or recognizable effusion. 
We have not introduced it into a “virgin” pleural space, and believe a 
reaction there might be expected. It can never be considered as a sub- 
stitute for a routine pneumothorax. It is impossible to believe that a 
delicate “‘virgin’’ pleura would tolerate with equanimity the presence of 
any oil, when even air is often so poorly borne. 

Oil has two advantages over air in the small upper “selective” col- 
lapses which have undergone basal expansion: (1) its slow rate of absorp- 
tion, and (2) the steady pressure which can be maintained with it. The 
rate of absorption of this oil can be gauged by (1) X-ray films showing 
shrinkage of the opacity cast by the oil, (2) a reappearance of constitu- 
tional signs or symptoms of an expanding lung, and (3) draining the oil 
and comparing the amount recovered with the original quantity intro- 
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duced. This last is the only accurate criterion; the others must remain 
approximate estimations only. In one of our cases (S. D.) a routine re- 
fill of 300 cc. of air lasted 15 days,—an absorption-rate of 20 cc. a day. 
Two hundred and fifty cubic centimetres of cotton-seed oil has lasted 1 
year and 3 months (455 days) with one refill of 25 cc. of oil, made for ex- 
perimental purposes at the end of 6 months. The opacity cast by the oil 
and the estimated expansion of the lung is one-tenth of its original, or 
equivalent to 25cc. This absorption of oil is at the rate of 0.06 cc. a day. 
There has been no constitutional sign of reéxpansion. There seems to be 
no doubt, as Kiiss has stated, that liquid paraffin is more slowly absorbed 
than the vegetable oils. The rate of absorption will depend on the indu- 
ration of the pleura and its lymphatics. This particular patient (S. D.) 
was thoracoscoped before her oleothorax. Both pleurae were a glisten- 
ing pearly white, resembling the inside of an oyster shell. No tubercles 
could be seen. The white appearance was due, we thought, to sclerosis, 
as the patient had had a pneumothorax and fluid for the past 12 months. 
Naturally, the absorbing power of such a pleura would be slow. How- 
ever, it had been capable of absorbing air at the rate of 20 cc. a day, pre- 
vious to the oil injection. The 2 remaining cases were not thoraco- 
scoped before the oil injection, but both had had pneumothorax for 2 
years with clear effusion and subsequent basal obliteration. Of these, 1 
case (T. D.) had only one initial injection of oil of 450 cc.; the other 
(A. P.) had three injections for a period of one year, for a total amount of 
1160 cc. The former (T. D.) shows little or no change in the opacity 
of the oil after one year, and the latter (A. P.), none at all. Undoubtedly 
the rate of oil-absorption will vary from patient to patient. 

The term, semipermanent collapse, for oleothorax is suggested to em- 
phasize that no permanent maintenance of the collapse by oil is con- 
templated. As Gilbert points out, the objection raised against oil is 
that it thickens the pleurae and hinders subsequent reéxpansion of the 
lung. This argument can be met with the answer that the pathological 
process, against which this mode of treatment is directed, produces the 
same effect. The most serious objection raised against oil for com- 
pression purposes is the danger of causing perforation or that the com- 
bined pressure of the oil plus that of any effusion it may cause, may 
raise the interpleural pressure beyond the limits of safety. These ob- 
jections are very reasonable and wise. We think the so-called compres- 
sion oleothorax should never be maintained above zero, and, even better 
still, at negative pressure. Forcing oleothorax is dangerous. Our highest 
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pressure was plus 1 cm. of oil, which in this case closed a cavity otherwise 
uncollapsed by negative oil-pressure or by an intermittent plus 10-cm. 
air-pressure. In regard to the possible dangerously increased pressure 
resulting from an effusion in an oleothorax, this may be detected by the 
fluoroscope or the appearance of symptoms of tightness in the chest, or 
by testing the pressure of the oil by an oleomanometer. This complica- 
tion has not,‘occurred in our 3 cases. 


Report of Cases 


1: S. D., a girl, aged 20. Came to the Royal Victoria Hospital, May 1, 1929, 
with acute and far-advanced unilateral pulmonary tuberculosis, with a cavity, 
1.5 inches in diameter, in the left upper third of the lung. She was started 
immediately on a low-pressure artificial pneumothorax, but developed fluid 
3 weeks after the initial injection. This fluid was absorbed in 3 months. A 
large adhesion held the cavity open. Pressures were raised to plus 7, plus 12 
cm. (true pressures), which stretched the adhesions and the cavity collapsed. 
Fluid reformed, however, up to the 4th rib in front and the base crept out. 
This fluid was aspirated and replaced by air, but progressive obliteration 
continued. In November, 1930, 13 years after pneumothorax, the pneu- 
mothorax had been lost, except for an apical cap. There was some return of 
symptoms, The pneumothorax was recaptured by a supraclavicular need- 
ling on December 19, 1930, and 350 cc. of air was introduced with final pres- 
sures of plus 11 and plus 15 cm. The adhesion could still be seen. On De- 
cember 20, 1930, she was thoracoscoped, and the pleural cavity inspected. 
The adhesion was a broad thick shelf. The visceral pleura was pearly 
white, with a brilliant sheen like the inside of an oyster shell. The parie- 
tal pleura was thinner, but whiter than normal. This appearance was thought 
to be due to induration. No tubercles or fluid could be seen. Twenty 
cubic centimetres of sterilized liquid paraffin was injected 3 days later, 
after the inspection. A reaction with a fever of 101°, with fluid-formation 
of about 100 cc. (as estimated by X-ray) followed. This oil and the effusion 
were aspirated immediately and air replacement done. The temperature 
settled down at once, and in two days was normal. On January 16, 1931, 135 
cc. of slightly turbid fluid was aspirated, which however contained no organisms 
and was replaced (at atmospheric pressure) by 250 cc. of cotton-seed oil con- 
taining 5 per cent gomenol. A slight reaction followed, with temperature of 
100° for 48 hours. This oil was immediately drained, and three days later 250 
cc. of pure cotton-seed oil was introduced. No reaction followed. She felt 
much better and had no cough and no expectoration. For the next 6 months 
she did all her own housework and decided to go to Scotland, as she felt so 
well. The X-rays after 6 months showed no change in the opacity cast by 
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the oil. Five cc. of oil was aspirated on July 27, 1931, and an additional 25 
cc. of pure cotton-seed oil was injected. No reaction and no discomfort fol- 


Fic. 1 Fic. 2 
Fic. 1. LErr PNEUMOTHORAX WITH UNCOLLAPSED CAVITY AND FLUuID 


Fic. 2, ONE AND ONE-HALF YEARS LATER; BASE ADHERENT; CAVITY COLLAPSED; SMALL 
UprpER PNEUMOTHORAX 


Fic. 3 Fic. 4 


Fic. 3. PurE Cotron-SEED (WESSON) (250 cc.) REPLACING PNEUMOTHORAX 


Fic. 4. FIFTEEN Montus LATER WHEN PATIENT IS WoRKING 


lowed. The initial pressure of the oil was —0.5 cm., and the final pressure, + 
Icm. On July 29, 1931, the patient said that she felt more comfortable with 
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the higher pressure. A small intramuscular collection of oil (perhaps 5 cc.) 
leaked out through the needle-track, but was absorbed in a week. In October, 
1931, the patient returned from Scotland, having had no additional refills. 
She is now working all day, has no cough or expectoration, and has gained 6 
lbs. in weight. In March, 1932, she has gained a total of 9 lbs., and is work- 
ing all day without symptoms. It is now 1 year and 3 months after initial 
oleothorax and 2 years and 10 months after initial pneumothorax. The X-ray 
shadow of the oil showed a slight shrinkage of about 10 per cent, equivalent to 
25 cc. of oil absorbed. It is decided to drain this oil at the end of 3 years, for 
fear of excessive pleural sclerosis preventing expansion. 


2: A. P., a woman of 42, developed in the spring of 1927 an acute moderately 
advanced tuberculosis of the right lung. She entered a sanatorium, where she 
remained for 17 months and made a good improvement. A haemorrhage in 
March, 1929, occurred after discharge from the sanatorium. She was read- 
mitted and a pneumothorax started. She returned to Montreal in December, 
1929, and was referred to the outdoor pulmonary clinic for refills. She hada 
moderate amount of cough, and 1 oz. of positive sputum. The X-ray showed a 
50 per cent collapse, with an open cavity in the second space. The base was 
expanding. Violent reactions with chills, fever, pains in the joints and short- 
ness of breath followed each pneumothorax refill. Clear fluid fermed in the 
spring of 1930, and the base of the lung became adherent. The cavity was still 
open. She was considered a candidate for thoracoplasty, but, as she was very 
frail, with a weight of 108 lbs., it was decided for the next few months to try 
shorter intervals and smaller pneumothorax refills. She improved under this 
and gained weight and the cavity decreased in size. On March 23, 1931, she 
was gradually losing her pneumothorax and it was decided she should have a 
thoracoplasty if an oleothorax failed to control the situation. Three hundred 
and ten cubic centimetres of pure cotton-seed oil was injected into the right 
pleural cavity without reaction. In June, 1931, we injected an additional 350 
cc. of cotton-seed oil: no reaction followed. The patient began to feel better, 
and sputum was reduced from 1 oz. to 2. drams. In July, 1931, she was work- 
ing as a housewife, and an additional 275 cc. of cotton-seed oil was injected. 
The initial cil-pressures were —3 cm., and the final pressure zero. A sample 
was taken which was clear. No saponification could be detected; nor cells or 
organisms in the oil. In September, 1931, the cavity could still be seen. An 
additional 225 cc. of cotton-seed oil was injected. The total amount of oil in- 
jected isnow 1160cc. The initial pressures were —2 cm., and final pressures, 
zero. In March, 1932, she now has no cough and no sputum; the cavity is 
apparently closed and she is working. ‘Twenty-five cubic centimetres of oil 
was aspirated for inspection. This oil on withdrawal was as clear as the origi- 
nal oil, except for a few shreds of fibrin, but on standing at room temperature 
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it became slightly cloudy. This cloudiness disappeared on heating. On 
standing for an hour in a test-tube, a small collection of clear fluid appeared at 
the bottom of about 3mm. indepth. The addition of anhydrous cuprous sul- 
phate proved this to be water, probably representing a small effusion. Tests 
for albumen were negative. Bacteriological examination was negative for or- 
ganisms and cells. It is probable that the oil picked up a little water at body 
temperature and released it when cooled at room temperature, producing the 
slight turbidity. There has been no saponification. 


3: R. D., a man, aged 28. Acute onset, with cavitation of right upper lobe in 
1930. Pneumothorax for 2 years. Effusion and basal obliteration. Small 
upper ‘‘selective” collapse maintained. Working as a shop-foreman 35 miles 
from Montreal, and coming in to the city for refills every 2 weeks. In 
March, 1931, given 450 cc. of cotton-seed oil at one injection at atmospheric 
pressure, by the two-needle technique. Returned home the same day and 
started to work immediately. No reaction or discomfort of any kind, and con- 
tinued working 10 hours daily for the next 6 months, playing hockey, etc. 
There was a reactivation of an old lesion in the left upper apex in August, 1931, 
which quieted down under rest. Oleothorax was maintained on the right side. 
Returned to work against advice in January, 1932. In March, 1932, the right 
oleothorax on X-ray film shows about the same opacity with very little shrink- 
age. Has no discomfort. 


Technique of Oleothorax 


1: Patient lies flat on the back. Two needles, one a 16-gauge and the other an 18-gauge, are 
put into the pneumothorax cavity in the 2nd interspace side by side. The pneumothorax 
pressures are taken; then both needles are left open to the air. 

2: The sterile cotton-seed oil is heated to body temperature in a water-bath, and injected with 
a 50-cc. Luer syringe through the 16-gauge needle. After each 50 cc. of oil injection the 
pressure of remaining pneumothorax is taken with the manometer. It should show a zero 
or slightly negative pressure. The air is allowed to escape through the 18-gauge needle as 
the oil is being injected through the other. The oil simply replaces the air. 

3: As soon as no true pressure can be obtained by the water manometer attached to the 18- 
gauge needle, or as soon as oil appears in this needle, no more oil is injected. Thus positive 
pressure of the oil is avoided. It is not necessary to take the final pressure of the oil. Both 
needles are withdrawn and the punctures tightly strapped. A little oil may escape into the 
subcutaneous tissue, but it is harmless and will be absorbed very quickly. 

4: Fluoroscopy done immediately afterward will show the oil with a small apical cap of air 
sitting on top of it. This cap of air will be absorbed in a few days, leaving the oil at a negative 
pressure. 

5: To test the subsequent oil-pressure, use a U-tube of 5- or 6-mm. internal diameter, filled 
with cotton-seed oil. The scale is marked in true pressures of centimetres of oil, as on a water 
manometer. Owing to the specific gravity of oil being 0.9, corresponding oil-pressures are 
9/10 of water-manometer pressures. With the patient sitting upright, a 16-gauge needle is 
put in the lowest part of the oil-pocket, and the oleomanometer, which is completely filled 
with oil, is connected up with a short rubber tube to the needle and the pressure is read on the 
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open limb. Patient A. P., with 1160 cc. of oleothorax maintained for one year, at the end of 
that time showed a negative pressure of 0, plus 1 cm. of oil, with a sluggish fluctuation of 
1 cm. 


SUMMARY 


1. Pure cotton-seed oil (Wesson oil) appears to be a useful substitute 
for air in progressively obliterative pneumothorax. 

2. Three cases are reported, all now over one year’s duration. 

3. The oil in these cases has been tolerated without local or constitu- 
tional reaction. 

4. The technique of injection is described. Positive pressure should 
not be given. A simple oleomanometer is described. 

5. The oil should not be used as a substitute for an ordinary pneumo- 
thorax, nor should it be placed on the diaphragm, but only on the shelf 
formed by the adherent base of the lung. 

6. The rate of absorption of oil will vary from 0.05 to 0.5 cc. a day. 

7. It is suggested that the oil be used for semipermanent collapse only 
and drained after two or three years, as no case can be considered safe 
which has any foreign material,—air, fluid or solid,—interposed between 
the two pleural surfaces. 
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SCALENIOTOMY IN THE TREATMENT OF TUBERCULOSIS 
A Preliminary Report 
MEADE CLYNE! 


HISTORICAL 


A number of procedures for the establishment of pulmonary rest me- 
chanically, in the treatment of tuberculosis of the lungs, have been de- 
vised since Potain first suggested the introduction of air into the pleural 
space, in 1880. 

In addition to artificial pneumothorax surgical attempts for the pur- 
pose of restraining the movements of the lungs have consisted essen- 
tially of four types: first, interruption of the innervation of either the 
diaphragm on the involved side, or the innervation of the muscles of 
respiration; second, removal of portions of the ribs, permitting the col- 
lapse of the chest-wall; third, insertion of substances or structures foreign 
to the region, between the ribs and the pleura, causing pressure upon the 
involved portion of lung; and, fourth, intrapleural pneumolysis. 

Recently, in addition to the measures already advocated, Kochs, Els 
and Junkersdorf (1), in October, 1930, suggested a heretofore unconsid- 
ered step in obtaining further surgical rest in the treatment of tuberculous 
lungs. Gale and Middleton (2), in July, 1931, in the United States, 
independently of Kochs, advocated the same procedure. It is primarily 
a division of the fibres of the scaleni muscles. By this means an attempt 
is made to decrease the motility of the upper chest, essentially the first 
and second ribs. The authors feel that they have established apical 
rest satisfactorily, and that the procedure may be a valuable aid, either in 
conjunction with phrenic exairesis, or when phrenic exairesis has failed 
and some measure of a relatively conservative type is to be attempted 
before the patient is subjected to a more radical operation. A series of 
scaleniotomies, combined with phrenic exairesis at the same operation, 
and another group, done as the sole operation after an unsuccessful 
phrenic exairesis, are presented below, with results to date. 


1 The Tucson Clinic, Tucson, Arizona. 
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PHYSIOLOGY OF THE SCALENI MUSCLES 


Hoover, in July, 1913, reported the case of a child with congenital 
muscular disease, in which a paralysis of all the muscles that control 
the head or the spine had occurred. During inspiration, the first three 
ribs were drawn downward and inward. The fourth remained station- 
ary, and those below moved normally. He performed four experiments 
on dogs, to determine if the action above was due entirely to paralysis of 
the scaleni muscles. He concluded that this was so, and that the scaleni 
provide anchorage for the first three ribs, so that the intercostal group 
may function on them. 

Gale and Middleton have studied 2 cases of surgical Pott’s disease 
which led to paralysis of the scaleni muscles, and have verified Hoover’s 
contention. In their cases there was a “caudad movement of the upper 
three ribs and exaggerated outward movement of the costal margins on 
inspiration.” They feel that the scaleni afford an unusually advantage- 
ous point of attack for immobilization of the pulmonary apices. 


ANATOMY 


The scaleni are three muscles (sometimes four) of the deep cervical 
group. They arise from the transverse processes of the third, fourth, 
fifth, sixth and seventh cervical vertebrae, and are inserted by tendinous 
bands into the first and second ribs. The scalenus anticus inserts into 
the scalene tubercle on the upper surface of the first rib. The subcla- 
vian artery sometimes splits the muscle near theinsertion. Thescalenus 
medius inserts into the upper surface of the first rib at about 1 cm. pos- 
terior to the insertion of the anticus. Some fibres may extend forward 
and insert into the upper surface of the second rib. The scalenus posti- 
cus inserts into the outer surface of the second rib. 

The nerve supply to this group is derived from the cervical plexus. 

These muscles are approached surgically near their tendinous inser- 
tions into the first and second ribs, because of their broad origin and the 
difficult anatomy at that point. 


PROCEDURE 


Following a preliminary dose of morphine sulphate, gr. 1/6, and scopo- 
lamine, gr. 1/200, one hour before the operation, the patient is placed on 
the operating table on his back, with his arms at his sides. The head is 
turned to the opposite side as far as possible. The operative field is 
prepared and the line of the incision is anaesthetized with one per cent 
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solution of novocaine, the line extending from the posterior edge of the 
sternocleidomastoid muscle, about one inch above the clavicle, backward 
to the anterior edge of the trapezius muscle. 

The subcutaneous tissue and platysma muscle are infiltrated with 
novocaine. The incision is then made through the skin. Pressure is 
made backward to palpate the scaleni group, which can usually be felt 
through their overlying structures. The deep cervical fascia is separated 
over the site of the scaleni, in a line at right angles to the skin incision, as 
far up as the skin will allow. By blunt dissection, the cervical fat, over- 
lying the scalenus anticus, is brought into view. The fat is carefully 
separated down to the sheath of the scalenus anticus, under which will 
usually be found the phrenic nerve. 

After injecting the sheath and muscle with novocaine solution, the 
sheath is separated from the fibres of the muscle as far down as possible, 
approaching the insertion of the muscle. 

The subclavian artery lies close to the first rib, between the insertion 
of the anticus and medius. A curved, grooved director is hooked under- 
neath the muscle fibres of the anticus, inside the sheath, and the fibres 
are divided by a cautery knife. 

The lower cervical nerves which go to make up the brachial plexus 
overlie the scalenus medius, and they are carefully separated from it by 
blunt dissection, care again being used to stay inside of the sheath of the 
muscle. Not infrequently, the cords of the plexus lie within the sheath 
of the medius. The nerves, after being separated, are gently retracted 
inward. ‘The fibres of the scalenus medius are then separated from its 
sheath as low down as possible, near its insertion, where the muscle is 
divided in the same manner as above. 

The scalenus posticus is in close apposition to the medius and it is not 
always possible to identify it separately. 

In the cases in which the phrenic nerve had been previously removed, 
the scaleni were found to be much larger than normal and the blood- 
supply much more profuse. 

After being certain that no bleeding has occurred, the wound is closed 
completely, leaving a cavity about the size of a pigeon’s egg, the severed 
edges of the muscles having retracted usually 1.5 inches. We have had 
occasion to investigate the site of the cavity in three cases (one six months 
after operation) and no bridging with muscle fibres occurred. The deep 
layers are closed by interrupted sutures of cat-gut. The skin is closed 
with skin clips, the clips being removed usually on the fourth day. 
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DISCUSSION 


The results obtained from phrenic exairesis depend upon the changes in 
the relationship of one part of the diseased lung to another, and the 
relaxation and rest. The amount of improvement is not dependent en- 
tirely upon the height to which the paralyzed diaphragm rises in the 
thorax, although in the main this isso. Some improvement may usually 
be expected from phrenic exairesis in lesions throughout the lung, es- 
pecially in the lower three-fourths. In the more remote apical lesions, 
not so much improvement may be hoped for, and it is in these cases that 
scaleniotomy may be expected to change the anatomy, and the relation- 
ship of diseased parts to each other, and rest the area involved. 

In all our cases, as in the cases reported by Gale and Middleton, a 
marked reduction in the respiratory excursion of the upper part of the 
chest was noted, due to decreased intercostal movement; and, when the 
combined operation was done, there was no increased upper intercostal 
movement, so often seen when the phrenic nerve alone is blocked or 
evulsed. 

When scaleniotomy is combined with phrenic exairesis, upper as well 
as lower lung lesions may be expected to improve. 

When scaleniotomy alone was done, very little reaction occurred; three 
of the cases ran fever for one week, and in two the pulse-rate was increased 
for two weeks. No complication has occurred, nor has any deformity 
resulted. The results in these cases are based on their clinical records 
and clinical progress. 

In this series there are 52 cases. There were 20 cases in which a 
phrenic exairesis had been done, six months to three years previously, 
and improvement had stopped. Of these 20 cases, ten were improved 
and ten not improved. There were 29 cases in which the combined opera- 
tion was done, and improvement was noted in nineteen, with no improve- 
ment in ten. There were 3 cases in which scaleniotomy was done alone, 
because of mainly apical involvement, with asthma complicating, and it 
was thought best not to embarrass respiration by paralyzing the dia- 
phragm. Two of these were improved definitely. 

In 2 cases, in which pneumothorax had been maintained for one year 
with little or no clinical improvement because apical collapse was not 
obtained, due to very broad adhesions, the combined operation was done 
with very marked clinical improvement. 
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CONCLUSIONS 


1. Phrenic exairesis should not be depended upon alone in apical lung 
lesions, but should be combined with scaleniotomy. 

2. Scaleniotomy alone has induced a degree of immobilization in the 
involved apex in a group in this series. 

3. Scaleniotomy is indicated in pneumothorax cases with apical activ- 
ity, when the upper lung has not been collapsed. 

4. Scaleniotomy and phrenic exairesis should, in most cases, precede a 
paravetebral thoracoplasty, because the first rib is released to allow 
greater caudal pull of the intercostal muscles, especially in front. 
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SCALENIOTOMY AS AN ADJUNCT TO COLLAPSE 
THERAPY 


LINCOLN FISHER! 


The present surgical treatment of pulmonary tuberculosis has evolved 
from a somewhat tentative search for means of attaining maximum im- 
mobilization of diseased lung tissue by the most conservative procedure 
consistent with the type and extent of the lesion. On the one hand, a 
successful artificial pneumothorax affords the most complete and imme- 
diate means of controlling disease which is mainly unilateral. The re- 
versibility of this procedure is often a welcome consideration in cases in 
which a lesion in the contralateral lung renders permanent collapse inad- 
visable; furthermore, the economic loss of protracted hospitalization 
may frequently be avoided by early induction of artificial pneumothorax. 

The only other means of producing practically total collapse is extra- 
pleural paravertebral thoracoplasty, supplemented, if need be, by an 
anterolateral stage. By token of its permanence this becomes the most 
radical measure in the armamentarium of collapse therapy. Between 
these two extremes, and often in conjunction with them, lie a variety of 
more or less conservative measures, the specific indications for which 
have remained rather ill-defined, as evidenced by the sporadic enthusiasm 
evoked by each. The most justly popular is doubtless phrenicectomy, 
which, in cases of predominantly central disease, many times relegates 
artificial pneumothorax to a position of second choice; there must, how- 
ever, be elastic lung tissue surrounding a cavity, in order to allow suffi- 
cient resiliency for contraction of its fibrotic wall, especially in the apex. 
The author has come to regard phrenicectomy as more conservative than 
artificial pneumothorax, since it is a single operation, devoid of the haz- 
ards of repeated refills. However, there will always be a certain group 
of patients who need the immediate benefits of the greater collapse af- 
forded by pneumothorax, cases in which temporizing with the less vigor- 
ous compression or relaxation of phrenicectomy is indefensible. 

Intimately associated with artificial pneumothorax, when pleural ad- 
hesions prevent adequate collapse, intrapleural pneumolysis plays a 


1 Waverley Hills Sanatorium, Waverley Hills, Kentucky. 
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dramatic réle whenever this rather specialized procedure is available. 
Employing the closed method of Jacobaeus, the author has found gal- 
vanocauterization eminently satisfactory for cutting adhesions, and more 
generally utilizable than high-frequency currents. Still less commonly 
employed are extrapleural pneumolysis with plombage, and multiple 
intercostal neurectomy, for both of which in this country Alexander is 
best known. 

Attention has recently been called to scaleniotomy by Gale and 
Middleton, who made a favorable preliminary report on 7 cases. These 
authors quote some interesting observations by Hoover on the physio- 
logical action of the accessory muscles of respiration, as seen in the an- 
tagonistic upward and outward pull of the scalene-intercostal group as 
opposed to the downward and inward pull of the diaphragm on the costal 
margins. Scaleniotomy was done one week subsequent to phrenicec- 
tomy in two of their cases and simultaneously in five. Marked reduction 
in the respiratory excursion of the upper portion of the thorax was noted 
in every case. The compensatory hyperaction of the upper ribs often 
noted after phrenicectomy was absent following simultaneous scaleniot- 
omy. The combined operation is suggested to secure apical rest by 
elimination of the bucket-handle action of the upper ribs.? 

In a series of 31 scaleniotomies in various types of cases at Waverley 
Hills Sanatorium, 18 patients had had phrenic exairesis anywhere from six 
months to three years previously, without obtaining satisfactory con- 
traction of the lesion. The remaining 13 patients were subjected to 
combined phrenicectomy and scaleniotomy. In every case the imme- 
diate mechanical result has been striking, in that inspiratory elevation 
of the ribs in the upper portion of the hemithorax has been markedly re- 
duced or eliminated. This is to be noted both on inspection and on 
fluoroscopic examination. The upper ribs showed a definite caudad 
drooping, actual measurements in comparable X-ray films taken on in- 
spiration showing as much as a 2-cm. narrowing in the upper hemithorax. 
A downward pull on that side, accompanied by a sense of weight over the 
upper half of the chest, was voluntarily noted by practically every pa- 
tient in the series. Cough and expectoration tended to show a moderate 
increase the first day or two, later subsiding or disappearing altogether. 
Likewise, moderate dyspnoea was temporarily noticed by a number 


* A recent report of ingenious experimental work and also clinical trial by Dr. T. B. 
Aycock and Dr. C. C. Habliston of Baltimore has been received by the author. They 
found a 40 per cent difference in apical volume-displacement following scalene- section. 


ig 
= 
a 
i 
2 
t 


778 LINCOLN FISHER 


of patients, as indicative of a transitory reduction of vital capacity. In 
the patients who had had a prior phrenicectomy these symptomatic 
effects could definitely be attributed to scaleniotomy alone. 

Analogous to phrenic exairesis, it is fair to presume that several months 
may be required to obtain maximum results following scaleniotomy. 
Therefore, early gratifying results may reasonably be expected to in- 
crease in the next few months. Release of tension on cavity-walls is 
evidenced, not only by closure or rapid reduction in size, but also by dis- 
appearance of annoying cough. Several patients who had been unable 
for some months, or even years, to lie on the affected side without severe 
paroxysmal cough, noted prompt cessation of this harassing symptom. 
One patient marvelled at her ability to sleep without being awakened by 
a strangling cough as hitherto; she can laugh heartily without coughing, 
for the first time in several years. Another has lost the tickling desire 
to cough, although she had been able for the most part voluntarily to 
control ‘this irritability. Two patients have had no recurrence of haem- 
optysis which had been frequent before scaleniotomy. In one patient 
with fever of long duration normal temperature was rapidly obtained. 

In 7 cases an unsatisfactory artificial pneumothorax was present, an 
adherent upper lobe containing an open cavity. X-ray changes were 
less definite in this type of case, although symptomatic improvement was 
the rule as in other types. Fourteen patients had moderate or large 
apical cavities, and 10 had fairly extensive disease with honeycombing 
rather than localized cavitation. 

One patient with a 5-cm. cavity in the apex, which had remained the 
same size for over 18 months following unsuccessful pneumothorax and 
phrenic exairesis, showed an immediate response which could scarcely 
have been hoped for by the most optimistic (figures 1 & 2). Fluoroscopic 
examination six days after scaleniotomy revealed the cavity to be prac- 
tically indistinguishable, and stereoscopic roentgenograms a week later 
showed obliteration of the cavity, with marked clearing throughout the 
lesion in the upper third. Another showed a two-thirds’ reduction in the 
diameter of a 3-cm. cavity in nine days, with subsequent fluctuation in 
size; this patient had been in the sanatorium for over five years and had 
had an unsatisfactory pneumothorax most of that time, extensive con- 
tralateral disease making conservatism obligatory. One patient ex- 
hibited a remarkable clearing in the upper third with an encouraging re- 
duction in the size of a 6-cm. apical cavity, between the second and fourth 
weeks following scaleniotomy; this was the first favorable change shown 
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Kic. 1. A 5-cm. CAvity IN RIGHT APEX UNCHANGED FOR 2 YEARS 
Fic. 2. Cavity CLOSED WITHIN 13 Days AFTER SCALENIOTOMY; PHRENICECTOMY 18 
MONTHS PRIOR 
I'tc. 3. A 6-cmM. CAvITY PRESENT FOR THREE YEARS 
Fic. 4. MARKED CLEARING AND CONTRACTION IN 4 WEEKS; PHRENICECTOMY 2 YEARS AGO 
RESULTED IN NO IMPROVEMENT 
Fic. 5, A 5-cm. Cavity or NEARLY 5 YEARS’ DuRATION, UNIMPROVED BY PHRENICECTOMY 
2 YEARS AGO 


Fic. 6. MARKED CONTRACTION WITHIN 1 Monto, ACCOMPANIED BY PROFOUND SYMPTOMATIC 
RELIEF? 


3 Subsequent contraction has been even more striking than shown in figure 6. 
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by this patient in nearly three years (figures 3 & 4). Another 5-cm. cav- 
ity of nearly five years’ duration underwent decisive contraction along the 
longitudinal axis within the first month after scaleniotomy; symptomatic 
improvement was also marked (figures 5 & 6). Several large, subpleural 
apical cavities have shown a definite reduction by flattening in conform- 
ity with an upper-rib droop. A number of smaller apical cavities have 
completely closed. 

Fortunately, for the purpose of evaluation, the more striking results 
have occurred in those patients who had had a prior phrenicectomy with- 
out much improvement. In a few cases scaleniotomy has been done 
merely as a preliminary to possible extrapleural pneumolysis or thoraco- 
plasty. The rationale of this decision is that extrusion of a paraffin 
filling may be prevented by immobilization of the upper ribs, and that 
an anterolateral-stage thoracoplasty may be rendered unnecessary if 
the first and second ribs are released from the upward pull of the scaleni. 

The technique of the operation is not essentially different from that of 
phrenicectomy, except for the necessity of much wider dissection. The 
incision is identical in site, slightly above and parallel to the clavicle, and 
need not be appreciably longer, 4 cm. being ample. The correct ap- 
proach depends upon palpation of the notch between the scaleni anticus 
and medius, in which lies the brachial plexus, which must be carefully 
freed and retracted. At this level the plexus exhibits a lateral and a 
mesial trunk, the latter being underneath the lateral border of the scale- 
nus anticus. A smaller, posterior branch commonly passes between the 
scaleni medius and posticus. Since these muscles are often fused, or 
the scalenus posticus may sometimes be absent altogether, this long 
thoracic branch may penetrate between the fibres of the muscle and re- 
quire special search; the nerve may unexpectedly prove to be divided 
into two or three distinct branches. In one case the long thoracic 
nerve emerged anteriorly through the middle of the scalenus medius. 
In another instance the scalenus medius lay directly posterior, rather 
than posterolateral, to the plexus. The relative size of the muscles varies 
considerably, the scalenus medius usually being the largest. 

If a prior phrenicectomy has not been done, it is well to identify the 
phrenic nerve, and clamp and cut it, but, for psychological reasons, re- 
serve evulsion until last, since this may be more painful than scaleniot- 
omy which requires the longer time. Usually the scalenus anticus is 
readily dissected out first; after being carefully separated from the under- 
lying trunk of the plexus and from the structures contained in the carotid 
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sheath, the muscle is then resected. The plexus may now be re- 
tracted mesially and the scaleni medius and posticus resected. In prepa- 
ration for cautery resection, the side-walls of the crater-like wound should 
be protected against heat-radiation by lining with gauze soaked in normal 
saline solution. The muscles themselves are quite insensitive and re- 
quire no local infiltration; if pain is experienced it is due either to exces- 
sive traction on the plexus or to the presence of an unrecognized dorsal 
scapular branch within the muscle itself. A slow cautery gives warning 
of accessory nerve branches, and assures haemostasis in the dead space 
left by contraction of the free muscle-ends. The brachial plexus tra- 
verses the centre of this space in bold relief after scaleniotomy. The 
proximity to important vascular structures sometimes renders the opera- 
tion a fine problem in dissection, especially in patients who have had a 
prior phrenicectomy, with resultant cicatricial adhesions. The internal 
jugular and subclavian veins and sometimes the subclavian or common 
carotid arteries may appear in the lower, mesial portion of the wound. 
: The external jugular vein might occasionally have to be ligated and cut. 
A slight transitory anaesthesia or paraesthesia may occur in the arm 
or hand, due to necessary manipulation of the plexus during retraction, 
but this completely disappears within a few days. A small haematoma 
was seen in one case. No deformity or loss of function can be noted 
following scaleniotomy. 


SUMMARY 


Scaleniotomy affords a definite adjunct to collapse therapy and de- 
serves consideration, along with phrenicectomy, in a certain proportion 
of cases. 

The effect is probably more nearly that of relaxation rather than of 
true compression, although a negative sort of compression is obtained by 
eliminating the upward, inspiratory pull exerted by the first and second 
ribs upon the apex of an adherent lung. Slight narrowing of the upper 
hemithorax has been shown. 

Striking improvement may be produced by scaleniotomy in a relatively 
short time, although progressive gains may reasonably be expected to 
continue over an extended period. 

In a series of 31 cases,‘ some persistent cavities having lung tissue 


4 The total number of cases has now reached 81, with many additional gratifying re- 
sults. In 32 of these, scaleniotomy was performed as a late supplementary adjunct to 
phrenicectomy, which had been done anywhere from six months to three years before. 
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around them have been closed or markedly reduced in size within a very 
few weeks. Others which were subpleural have been definitely flattened 


by costal drooping. 

Symptomatic improvement begins immediately in most cases. Relief 
from cough and decreased expectoration have been consistent effects. 
Prevention of recurrent haemoptysis and rapid reduction of temperature 


to normal have been noted. 
The technique is similar to that for phrenicectomy and the combined 


operation may be done advantageously. Some suggestions as to opera- 
tive procedure are given. 
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